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 lNTERNATlONAL JOINT COMMISSION
GR
EA
T
LA
KE
S
RE
SE
AR
CH
AD
VI
SO
RY
BO
AR
D
 
 
June 1976
International Joint Commission
Canada and the United States
Gentlemen:
The
Res
ear
ch
Adv
iso
ry
Boa
rd
sol
ici
ted
the
opi
nio
ns
of
the
Gre
at
Lak
es
Res
ear
ch
com
mun
ity
as
to
the
res
ear
ch
nee
ds
rel
ati
ve
to
wat
er
qua
lit
y p
rob
lem
s o
f t
he
Gre
at
Lak
es.
The
"Gr
eat
Lak
es
Wat
er
Qua
lit
y R
ese
arc
h N
eed
s"
doc
ume
nt
sub
mit
ted
to
the
Com
mis
sio
n r
efl
ect
s t
he
res
pon
ses
of
the
res
ear
ch
com
mun
ity
of
the
Gre
at
Lak
es.
The
Res
ear
ch
Adv
iso
ry
Boa
rd,
in
ful
fil
lin
g i
ts
ter
ms
of
ref
ere
nce
,
is
pur
sui
ng
a f
our
pha
se
eff
ort
to
rev
iew
the
res
ear
ch
act
ivi
tie
s i
n t
he
Uni
ted
Sta
tes
and
Can
ada
.
Pha
se
I w
as
to
cat
alo
gue
exi
sti
ng
res
ear
ch
pro
gra
ms.
Thi
s p
has
e w
as
com
ple
ted
wit
h t
he
pub
lic
ati
on
of
the
Dir
ect
ory
of
Gre
at
Lak
es
Res
ear
ch
and
Rel
ate
d A
cti
vit
ies
.
Pha
se
II
is
to
ide
nti
fy
the
res
ear
ch
iss
ues
in
pri
ori
ty
cat
ego
rie
s a
nd
to
cat
alo
gue
the
nee
ded
pro
jec
ts
to
res
olv
e t
he
iss
ues
.
Pha
se
III
wil
l b
e t
o d
ete
rmi
ne
how
res
pon
siv
e t
he
exi
sti
ng
res
ear
ch
pro
gra
ms
are
to
the
ide
nti
fie
d n
eed
s.
The
Res
ear
ch
Adv
iso
ry
Boa
rd
wil
l p
urs
ue
thi
s p
has
e
during the coming year.
Pha
se
IV
wil
l b
e t
o r
eco
mme
nd
to
the
Com
mis
sio
n t
hos
e r
ese
arc
h n
eed
s t
hat
sho
uld
rec
eiv
e a
ddi
tio
nal
eff
ort
and
tho
se
are
as
whe
re
les
s e
mph
asi
s m
ay
be
nee
ded
,
as
wel
l a
s a
rea
s w
her
e m
ore
coo
per
ati
ve
eff
ort
s w
oul
d b
e h
elp
ful
.
The
Res
ear
ch
Adv
iso
ry
Boa
rd
exp
ect
s t
o h
ave
pre
lim
ina
ry
rec
omm
end
ati
ons
for
the
Com
mis
sio
n a
t
the July 1977 Annual Meeting.
The
rep
ort
of
the
Gre
at
Lak
es
Wat
er
Qua
lit
y R
ese
arc
h N
eed
s
is
a w
ork
ing
doc
ume
nt
tha
t s
ets
pri
ori
tie
s o
n t
he
Gre
at
Lak
es
res
ear
ch
nee
ds.
The
rep
ort
can
not
be
use
d a
s
fun
din
g a
dvi
ce
to
age
nci
es
sin
ce
it
doe
s n
ot
con
sid
er
the
cur
ren
t s
tat
us
of
res
ear
ch
progress or resources.
The
Res
ear
ch
Adv
iso
ry
Boa
rd
rec
omm
end
s t
hat
the
Com
mis
sio
n f
orw
ard
the
rep
ort
to
Gov
ern
men
ts
for
dis
tri
but
ion
to
all
sta
te,
pro
vin
cia
l a
nd
fed
era
l a
gen
cie
s
hav
ing
res
ear
ch
and
dev
elo
pme
nt
res
pon
sib
ili
tie
s r
ela
tiv
e t
o w
ate
r q
ual
ity
in
the
Gre
at
Lak
es
Sys
tem
.
Fur
the
r,
the
Boa
rd
rec
omm
end
s t
hat
the
Com
mis
sio
n a
dvi
se
the
se
age
nci
es
tha
t f
oll
ow-
up
con
tac
t w
ill
be
mad
e t
o t
hem
by
the
Res
ear
ch
Adv
iso
ry
Boa
rd
to
asc
ert
ain
the
deg
ree
of
res
pon
siv
ene
ss
of
the
tot
al
Uni
ted
Sta
tes
-Ca
nad
ian
programs to these needs.
Respectfully submitted,
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Dr. A. R. LePeuvre Dr. D. I. Mount
Chairman Chairman
Can
adi
an
Sec
tio
n
Uni
ted
Sta
tes
Sec
tio
n

 W
The
Unit
ed S
tate
s an
d Ca
nada
sign
ed t
he G
reat
Lake
s Wa
ter
Qual
ity
Agre
emen
t
on A
pril
15,
1972
beca
use
of t
heir
seri
ous
conc
erns
rega
rdin
g th
e gr
ave
dete
rior
a-
tion
of w
ater
qual
ity
of t
he G
reat
Lake
s S
yste
m. T
he A
gree
ment
also
reco
gniz
es
that
pres
sure
s of
cult
ural
deve
lopm
ent
(e.g
.,
cont
inui
ng p
opul
atio
n gr
owth
,
reso
urce
deve
lopm
ent
and
mana
geme
nt,
and
incr
ease
d us
e of
wate
r) c
an f
urth
er
redu
ce t
he q
uali
ty o
f th
e wa
ter
in t
he G
reat
Lake
s Sy
stem
.
The
prea
mble
also
expr
esse
s co
nvic
tion
that
the
best
mean
s to
achi
eve
impr
oved
wate
r qu
alit
y is
thro
ugh
adop
tion
of c
ommo
n ob
ject
ives
, th
e de
velo
pmen
t an
d im
plem
enta
tion
of
coope
rativ
e pro
grams
and o
ther
measu
res,
and
the a
ssign
ment
of sp
ecial
respo
nsi—
bilities and functions to the International Joint Commission (IJC).
The 1972 Great Lakes Water Quality Agreement defined responsibilities of
the
IJC
rega
rdin
g re
sear
ch a
ctiv
itie
s th
at s
houl
d be
unde
rtak
en a
nd t
ende
red
reco
mmen
dati
ons
conc
erni
ng G
reat
Lake
s wa
ter
qual
ity
rese
arch
to t
he P
arti
es
and to the State and Provincial governments. The Agreement also directed the
establishment of a Research Advisory Board with specified Terms of Reference
to carry out these functions and responsibilities in support of the IJC.
This report was prepared for the Research Advisory Board by its Research
Needs Committee. The issues and needs defined in this report are recommended
for consideration to the Parties of the Great Lakes Water Quality Agreement
and to the State and Provincial governments as the most important research to
improve Great Lakes water quality. Thesuccess of this IJC effort should be
measured not only by an assessment of the adequacy of this report, but by the
influence that this document has upon the research programs in the United
States and Canada.
Many of the ideas, suggestions and contributions to this report were
received from Great Lakes experts within and external to the Research Advisory
Board Committees through a 1976 Research Needs Workshop (March 1-3, 1976),
planning meetings and correspondence. Without the efforts of the workshop
participants and others identified in the appendices, this report could not
have been prepared. Our thanks also go to Pat Bonner for editorial assistance
and to Dennis Konasewich, Helen Kozak, and Jean Laforge, all of the IJC Windsor
Office, who made significant contributions.
Herbert E. Allen J. Douglas Roseborough
Member, Research Needs Committee Member, Research Needs Committee
Eugene J. Aubert Andrew E. P. Watson
Chairman, Research Needs Committee Secretariat, IJC Windsor Office
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 Research needs related to Great Lakes water quality have beendeveloped
as an essential step in the resolution of Great Lakes water quality issues.
In this context, a Great Lakes water quality issue has been defined as a
perceived or anticipated problem of significant magnitude which adversely
affects the uses of the Great Lakes System and which requires research and
executive or political decision. The most important and sensitive uses are
drinking water and aquatic life. Others are recreation, aesthetics, industry
and agriculture. Thetotal Great Lakes water quality system includes the
natural environment (physical system and aquatic ecosystem), human activities
which utilize the Great Lakes water resources and interact with the natural
environment (economic activities), waste management activities to maintain
satisfactory water quality (technological activities) and water quality
related social, political or institutional activities.
The process of identifying research needs of Great Lakes water quality
involved the identification and ranking of water quality issues in order of
importance within the total Great Lakes System and then the identification of
research needed to resolve these issues. The process involved the identifi-
cation and ranking of ecological issues, technological issues, economic
issues, and social, political and institutional issues. Human health issues
were incorporated within the ecological issues category. Following a series
of discussions to define the scope of the Great Lakes System pertinent to
water quality and to find the best approach to develop research needs, per-
tinent information was collected through the process of a workshop. Experts
were invited to participate in group discussions on a predetermined set of
potential issues, Great Lakes water quality related activities and research
needs, and to develop a uniform set of information for each issue and research
need.
The workshop identified issues perceived as critical, essential or
necessary to Great Lakes water quality. Issues of low prioritywere not
considered. The information resulting from this workshop was analyzed to
improve the organization of the material and to eliminate redundancy. Several
of the lower ranked issues were deleted. In this report, the research needs
are organized in terms of three groups of issues: ecological issues, techno-
logical issues, and social, economic and political issues. Details of the
identification process are contained in Appendix A.
It is recognized that the identification of future critical issues
requires forecasting future problems of society, an imprecise process at best.
Even though a group of some 70 experts participated in the preparation of this
report, their combined perceptions do not preclude the identification of new
critical issues in future years. Nevertheless, the issues and needs listed in
this document represent the best assessment presently available.
A summary of the most important Great Lakes water quality issues is
presented in the Guide to Water Quality Issues, pages vi—vii.
 
  
 ' UMMEMM
Th
e
wa
st
es
,
wh
ic
h
en
te
r
th
e
Gr
ea
t
La
ke
s
Sy
st
em
an
d
in
fl
ue
nc
e
it
s
wa
te
r
qu
al
it
y
co
me
fr
om
1)
po
in
t
so
ur
ce
s,
in
cl
ud
in
g
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
se
wa
ge
,
2)
la
nd
dr
ai
na
ge
so
ur
ce
s
su
ch
as
ru
no
ff
fr
om
ur
ba
n
ce
nt
er
s
th
ro
ug
h
st
or
m
se
we
rs
an
d
dr
ai
na
ge
sy
st
em
s,
an
d
ru
no
ff
fr
om
ru
ra
l
ag
ri
cu
lt
ur
e,
gr
az
in
g
an
d
fo
re
st
la
nd
s,
an
d
3)
th
e
at
mo
sp
he
re
fr
om
fa
ll
ou
t
an
d
ra
in
ou
t
of
po
ll
ut
an
ts
wh
ic
h
en
te
r
th
e
at
mo
sp
he
re
by
ev
ap
or
at
io
n
fr
om
th
e
la
ke
s,
wi
nd
er
os
io
n
fr
om
th
e
la
nd
an
d
as
wa
st
e
pr
od
uc
ts
of
in
du
st
ry
an
d
th
e
ge
ne
ra
l
pu
bl
ic
.
A
si
g-
ni
fi
ca
nt
nu
mb
er
of
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y
is
su
es
ha
ve
be
en
id
en
ti
fi
ed
in
th
is
re
po
rt
.
Id
en
ti
fi
ca
ti
on
of
th
e
pr
ob
le
ms
is
a
si
gn
if
ic
an
t
fi
rs
t
st
ep
.
As
in
di
ca
te
d
in
th
e
de
fi
ni
ti
on
of
a
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y
is
su
e,
th
e
so
lu
ti
on
re
qu
ir
es
re
se
ar
ch
an
d
po
li
ti
ca
l
or
ex
ec
ut
iv
e
de
ci
si
on
.
Bu
t,
ho
w
sh
ou
ld
th
es
e
de
ci
si
on
s
be
ma
de
?
Wh
at
ar
e
th
e
al
te
rn
at
iv
es
?
Wh
at
ar
e
th
e
tr
ad
e-
of
f'
s
be
tw
ee
n
va
ri
ou
s
ca
te
go
ri
es
of
co
st
s
an
d
be
ne
fi
ts
?
Wh
at
ar
e
th
e
ch
oi
ce
s?
Ar
e
there short- and long-term effects?
Th
e
re
se
ar
ch
ne
ed
s
to
re
so
lv
e
th
es
e
iS
Su
es
fo
cu
s
pr
im
ar
il
y
on
th
e
de
ve
lo
p-
me
nt
of
mo
re
pr
ec
is
e
in
fo
rm
at
io
n
up
on
wh
ic
h
co
ns
id
er
ed
de
ci
si
on
s
ca
n
be
ma
de
.
Th
e
ef
fe
ct
s
of
de
ci
si
on
s
ba
se
d
on
in
co
mp
le
te
or
im
pr
ec
is
e
in
fo
rm
at
io
n
wi
ll
co
me
ba
ck
to
ha
un
t
us
in
co
nt
in
ue
d
de
gr
ad
at
io
n
of
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y
or
excessive costs.
Es
ti
ma
te
s
of
th
e
fu
nd
s
re
qu
ir
ed
to
ca
rr
y
ou
t
th
e r
es
ea
rc
h
an
d
de
ve
lo
pm
en
t
ne
ce
ss
ar
y
to
ac
hi
ev
e
th
e
re
se
ar
ch
ne
ed
ob
je
ct
iv
es
co
nt
ai
ne
d
in
th
is
re
po
rt
ar
e
no
t
in
cl
ud
ed
.
Co
st
s
ar
e
de
pe
nd
en
t
up
on
th
e
st
at
us
of
re
se
ar
ch
an
d
th
e
av
ai
la
—
bi
li
ty
of
st
af
f
an
d
fa
ci
li
ti
es
.
Re
se
ar
ch
co
st
s
sh
ou
ld
be
de
ve
lo
pe
d
as
a
pa
rt
of
a
te
ch
ni
ca
l
an
d
fi
na
nc
ia
l
pl
an
ni
ng
pr
oc
es
s
by
th
e
re
se
ar
ch
ma
na
ge
me
nt
staffs in the responsible agencies.
It is recommended that:
l.
The
Com
mis
sio
n f
orw
ard
thi
s
com
ple
te
rep
ort
to
the
Gov
ern
men
ts
of
th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
wi
th
th
e
re
qu
es
t
th
at
it
be
di
st
ri
bu
te
d
to
al
l
go
ve
rn
me
nt
al
ag
en
ci
es
ha
vi
ng
re
se
ar
ch
an
d
de
ve
lo
pm
en
t
re
sp
on
s-
ib
il
it
ie
s
re
la
ti
ve
to
wa
te
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s
Sy
st
em
an
d
th
at
th
e
Co
mm
is
si
on
re
qu
es
t
th
at
ag
en
ci
es
re
sp
on
d
as
to
th
e
ex
te
nt
to
wh
ic
h
th
ei
r
pr
og
ra
ms
ar
e
me
et
in
g
th
es
e
re
se
ar
ch
ne
ed
s.
2.
The
se
age
nci
es
use
the
lis
ted
iss
ues
and
res
ear
ch
nee
ds
to
cri
ti-
ca
ll
y
re
vi
ew
th
e
pr
es
en
t
re
se
ar
ch
pr
og
ra
ms
an
d
as
a b
as
is
fo
r
planning as follows:
 (a)
(b)
(c)
(d)
(e)
(f)
The
(a)
(b)
(c)
 
T
o
c
a
r
e
f
u
l
l
y
c
o
n
s
i
d
e
r
a
n
d
c
o
m
p
a
r
e
t
h
e
i
s
s
u
e
s
a
n
d
t
h
e
r
e
s
e
a
r
c
h
n
e
e
d
s
t
o
r
e
s
o
l
v
e
t
h
e
m
w
i
t
h
t
h
e
i
r
p
r
o
g
r
a
m
s
;
T
o
a
s
c
e
r
t
a
i
n
w
h
e
t
h
e
r
t
h
e
p
r
e
s
e
n
t
r
e
s
e
a
r
c
h
a
n
d
r
e
s
e
a
r
c
h
p
l
a
n
s
a
d
d
r
e
s
s
p
r
o
b
l
e
m
s
w
i
t
h
s
u
f
f
i
c
i
e
n
t
r
e
s
o
u
r
c
e
s
t
o
a
l
l
o
w
v
i
g
o
r
o
u
s
p
r
o
g
r
a
m
s
w
i
t
h
r
e
a
s
o
n
a
b
l
e
l
i
k
e
l
i
h
o
o
d
o
f
s
u
c
c
e
s
s
.
T
o
u
n
d
e
r
t
a
k
e
n
e
w
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
m
e
n
t
i
n
i
t
i
a
t
i
v
e
s
t
o
f
i
l
l
g
a
p
s
i
n
r
e
s
e
a
r
c
h
a
n
d
d
e
v
e
l
o
p
m
e
n
t
r
e
s
u
l
t
i
n
g
f
r
o
m
p
u
r
s
u
i
t
o
f
t
h
e
s
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
b
y
t
h
e
a
p
p
r
o
p
r
i
a
t
e
f
e
d
e
r
a
l
,
s
t
a
t
e
a
n
d
provincial agencies.
T
o
i
n
s
u
r
e
t
h
a
t
m
o
r
e
p
r
e
c
i
s
e
k
n
o
w
l
e
d
g
e
a
n
d
i
n
f
o
r
m
a
t
i
o
n
e
x
i
s
t
s
t
o
s
u
p
p
o
r
t
t
h
e
d
e
c
i
s
i
o
n
-
m
a
k
i
n
g
p
r
o
c
e
s
s
i
n
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
q
u
a
l
i
t
y
.
T
o
d
e
v
e
l
o
p
a
n
d
i
m
p
l
e
m
e
n
t
i
m
p
r
o
v
e
d
w
a
t
e
r
q
u
a
l
i
t
y
t
e
c
h
n
o
l
o
g
y
.
T
o
r
e
s
o
l
v
e
t
h
e
e
c
o
n
o
m
i
c
,
s
o
c
i
a
l
a
n
d
p
o
l
i
t
i
c
a
l
i
s
s
u
e
s
i
n
w
a
y
s
mo
st
ac
ce
pt
ab
le
to
so
ci
et
y.
a
g
e
n
c
i
e
s
in
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
n
d
C
a
n
a
d
a
:
I
d
e
n
t
i
f
y
t
h
a
t
r
e
s
e
a
r
c
h
w
h
i
c
h
c
a
n
n
o
t
b
e
p
u
r
s
u
e
d
s
a
t
i
s
f
a
c
t
o
r
i
l
y
b
y
o
n
e
c
o
u
n
t
r
y
a
l
o
n
e
,
b
u
t
r
e
q
u
i
r
e
s
j
o
i
n
t
U
n
i
t
e
d
S
t
a
t
e
s
-
C
a
n
a
d
i
a
n
ef
fo
rt
,
an
d
to
p
l
a
n
an
d
i
m
p
l
e
m
e
n
t
th
at
re
se
ar
ch
.
U
n
d
e
r
t
a
k
e
j
o
i
n
t
p
r
e
l
i
m
i
n
a
r
y
p
l
a
n
n
i
n
g
t
o
p
r
e
v
e
n
t
u
n
d
u
e
d
u
p
l
i
—
ca
ti
on
of
re
se
ar
ch
ef
fo
rt
s.
A
c
t
i
v
e
l
y
e
n
c
0
u
r
a
g
e
b
a
s
i
c
r
e
s
e
a
r
c
h
i
n
t
o
p
r
o
c
e
s
s
e
s
a
n
d
m
e
c
h
a
n
i
s
m
s
n
e
c
e
s
s
a
r
y
f
o
r
t
h
e
g
e
n
e
r
a
t
i
o
n
o
f
p
r
a
c
t
i
c
a
l
r
e
s
u
l
t
s
p
e
r
t
a
i
n
i
n
g
t
o
wa
te
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s.
T
h
e
C
o
m
m
i
s
s
i
o
n
f
o
s
t
e
r
t
h
e
d
e
v
e
l
o
p
m
e
n
t
of
s
u
i
t
a
b
l
e
i
n
s
t
i
t
u
t
i
o
n
a
l
a
r
r
a
n
g
e
m
e
n
t
s
as
r
e
q
u
i
r
e
d
f
o
r
j
o
i
n
t
U
n
i
t
e
d
S
t
a
t
e
s
-
C
a
n
a
d
i
a
n
r
e
s
e
a
r
c
h
activities.
 The
iss
ues
and
res
ear
ch
nee
ds
ide
nti
fie
d h
ave
bee
nor
gan
ize
d i
nto
thr
ee
cat
ego
rie
s:
eco
log
ica
l,
tec
hno
log
ica
l a
nd
soc
ial
—ec
ono
mic
—po
lit
ica
l.
Tab
les
1-3
,
ind
ice
s
to
the
thr
ee
iss
ues
and
nee
ds
are
as
beg
in
on
pag
es
6,
46,
and
54, respectively.
The
res
ear
ch
nee
ds
in
thi
s r
epo
rt
for
m t
he
bas
is
for
res
ear
ch
pro
gra
ms
req
uir
ed
to
res
olv
e t
he
mos
t i
mpo
rta
nt
iss
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ECT
S O
F A
LGA
L P
ROD
UCT
ION
Det
erm
ina
tio
n o
f N
utr
ien
t U
pta
ke
and
Gro
wth
Kin
eti
cs
Det
erm
ina
tio
n o
f t
he
Los
s T
erm
s i
n t
he
Pro
duc
tio
n E
qua
tio
n
Det
erm
ina
tio
n o
f t
he
Inh
ibi
tio
n b
y C
ont
ami
nan
ts
and
Bio
log
ica
l A
gen
ts
Dete
rmin
atio
n of
Ambi
ent
Ligh
t Re
gime
Com
par
iso
n o
f I
n—L
ake
Flu
xes
and
Ext
ern
al
Loa
din
gs
Det
erm
ina
tio
n
of
Sin
gle
Spe
cie
s
and
Spe
cie
s
Ass
oci
ati
ons
POS
SIB
LE
SYN
ERG
IST
IC
HEA
LTH
EFF
ECT
S O
F W
ATE
RBO
RNE
POL
LUT
ANT
S
Det
erm
ina
tio
n
of
the
Eff
ect
of
Par
tic
le
Int
era
cti
ons
wit
h
Dis
sol
ved
Tox
ica
nts
Eval
uati
on o
f Sy
nerg
isti
c To
xica
nts
INC
IDE
NCE
AND
DIS
TRI
BUT
ION
OF
PAT
HOG
ENI
C F
UNG
I I
N T
HE
GRE
AT
LAK
ES
Dev
elo
pme
nt
of
Met
hod
olo
gy
and
Pop
ula
tio
n E
sti
mat
ion
s
Eva
lua
tio
n o
f t
he
Fun
gal
Pro
ble
m
 
NE
CE
SS
AR
Y
NE
CE
SS
AR
Y
NE
CE
SS
AR
Y
NE
CE
SS
AR
Y
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ISS
UE:
ECO
L
l
CRI
TIC
AL
GREAT LAKES WATER QUALITY MONITORING PARAMETERS
 
ST
AT
EM
EN
T:
TH
E
PR
IM
AR
Y
GO
AL
OF
EN
VI
RO
NM
EN
TA
L
MO
NI
TO
RI
NG
IS
TO
DE
TE
CT
FA
VO
UR
—
AB
LE
0R
UN
FA
VO
UR
AB
LE
EC
OL
OG
IC
TR
EN
DS
AR
IS
IN
G
FR
OM
CO
RR
EC
TI
VE
ME
AS
UR
ES
AN
D
ABA
TEM
ENT
PRO
GRA
MS
OR
CON
TIN
UED
POL
LUT
ANT
DIS
CHA
RGE
.
DEF
INI
TIO
N
OF
REV
ISE
D
TR
EN
DS
RE
QU
IR
ES
DE
TE
RM
IN
AT
IO
N
OF
TH
E
LE
VE
L,
NA
TU
RE
,
AN
D
OR
IG
IN
OF
PO
LL
UT
AN
TS
IN
TH
E
LA
KE
S
AN
D
TH
E
PR
OP
OR
TI
ON
AT
E
CO
NT
RI
BU
TI
ON
S
OF
PO
LL
UT
AN
TS
FR
OM
PO
IN
T
AN
D
NON
POI
NT
SOU
RCE
S.
IT
IS
NOT
CER
TAI
N
THA
T T
HE
SPA
TIA
L A
ND
TEM
POR
AL
SAM
PLI
NG
PAT
TER
N I
N T
HE
LAK
ES
AND
TRI
BUT
ARI
ES
IS
RES
PON
SIV
E T
O E
COL
OGI
C P
ROB
LEM
S A
ND
THE DYNAMICS OF THE AQUATIC COMMUNITY.
IMP
ORT
ANC
E:
Fro
m a
soc
ial
vie
wpo
int
,
det
eri
ora
tio
n
of
wat
er
qua
lit
y
and
aqu
ati
c
lif
e r
edu
ces
the
aes
the
tic
app
eal
and
rec
rea
tio
nal
use
ful
nes
s
of
the
Gre
at
Lak
es
eco
sys
tem
.
Eco
nom
ic
pro
ble
ms
inv
olv
e p
oss
ibl
e
cos
t t
rad
eof
fs
bet
wee
n m
oni
tor
ing
sou
rce
s
and
inp
uts
vs.
lev
els
and
cha
nge
s
dir
ect
ly
in
the
lak
es.
Eco
log
ica
lly
lon
g-t
erm
mon
ito
rin
g
of
aqu
ati
c
com
mun
ity
str
uct
ure
and
int
era
cti
ons
in
res
pon
se
to
ind
uce
d
per
tur
bat
ion
s
can
pro
vid
e
inf
orm
ati
on
use
ful
for
man
age
men
t o
f t
he
Gre
at
Lak
es
fis
her
y.
Cha
nge
s i
n a
qua
tic
com
-
mun
iti
es
can
ind
ica
te
whi
ch
spe
cie
s a
re
or
may
bec
ome
end
ang
ere
d a
nd
suc
h
cha
nge
s m
ake
it
pos
sib
le
to
pla
n a
nd
act
to
pre
ser
ve
com
mun
ity
sta
bil
ity
.
NEED: ECOL l—l
Dev
elo
pme
nt
of
Des
ign
Cri
ter
ia
for
an
Eff
ect
ive
and
Eff
ici
ent
Mon
ito
rin
g
System for Ecological Needs
OBJECTIVE:
To
det
erm
ine
wha
t e
col
ogi
cal
par
ame
ter
s m
ust
be
mon
ito
red
for
det
ect
ion
of
env
iro
nme
nt
cha
nge
s f
oll
owi
ng
per
tur
bat
ion
s,
par
tic
ula
rly
rat
e f
unc
tio
ns
suc
h
as
pro
duc
tiv
ity
mea
sur
eme
nts
, n
utr
ien
t u
pta
ke
rat
es
by
nat
ura
l p
lan
kto
n c
om—
muni
ties
, a
nd f
lux
rate
s be
twee
n th
e se
dime
nts
and
the
over
lyin
g wa
ter.
To
det
erm
ine
sam
pli
ng
den
sit
y a
nd
fre
que
ncy
req
uir
eme
nts
to
mee
t t
he
abo
ve
objectives.
NEED: ECOL 1-2
Dev
elo
pme
nt
of
Tec
hni
que
s f
or
Abs
olu
te
Pop
ula
tio
n a
nd
Bio
mas
s M
eas
ure
men
t
OBJECTIVE:
To
det
erm
ine
met
hod
s t
o a
ccu
rat
ely
enu
mer
ate
fis
h s
tan
din
g s
toc
ks
and
Cla
dop
hor
a
usi
ng
adv
anc
ed
tec
hni
que
s s
uch
as
rem
ote
sen
sin
g t
o m
oni
tor
pop
ula
tio
ns
hav
ing
nonhomogeneous distributions in nature.
NEED: ECOL l—3
Opt
imi
zat
ion
of
Des
ign
and
Ope
rat
ion
s o
f M
oni
tor
ing
Pro
gra
ms
OBJECTIVE:
To
imp
rov
e
det
ect
ion
and
sou
rce
-id
ent
ifi
cat
ion
of
haz
ard
ous
sub
sta
nce
s
inc
lud
-
ing
tho
se
new
ly
app
ear
ing
. T
o d
esi
gn
the
opt
imu
m d
epl
oym
ent
in
tim
e a
nd
spa
ce
of the effort expended in sample collection and analysis.
NEED: ECOL 1—4
Development of Simple Microbial Bioassay Procedures
 
OBJECTIVE:
To
dev
elo
p
sim
ple
but
eff
ect
ive
bio
ass
ay
pro
ced
ure
s
for
rap
id
det
ect
ion
of
the
pre
sen
ce
of
haz
ard
ous
sub
sta
nce
s i
n e
xtr
eme
dil
uti
on,
reg
ard
les
s o
f w
het
her
these can be immediately identified or not.
To
app
ly
bot
h c
ont
inu
ous
flo
w a
nd
pla
tin
g t
ech
niq
ues
to
loc
ate
dis
cha
rge
points.
To develop improved techniques.
ISS
UE:
ECO
L 2
CRI
TIC
AL
HALOGENATED HYDROCARBONS IN DRINKING WATER
STA
TEM
ENT
:
A W
IDE
RAN
GE
OF
HAL
OGE
NAT
ED
COM
POU
NDS
IS
FOR
MED
BY
THE
CHL
ORI
NAT
ION
OF WATER AND WASTE WATER. ALTHOUGH SEVERAL OF THE HALOGENATED COMPOUNDS
IDEN
TIFI
ED A
RE C
ARCI
NOGE
NIC
OR P
OSE
POTE
NTIA
L HE
ALTH
HAZA
RDS,
A DI
RECT
RELA
TION
BETW
EEN
HALO
GENA
TED
COMP
OUND
S IN
DRIN
KING
WATE
R AN
D HU
MAN
HEAL
TH P
ROBL
EMS
HAS
NOT
BEEN
ESTA
BLIS
HED.
IN T
HE G
REAT
LAKE
S BA
SIN,
MANY
MUNI
CIPA
LITI
ES D
ISCH
ARGE
CHLO
RINA
TED
WAST
ES I
NTO
THE
LAKE
S AN
D/OR
USE
CHLO
RINA
TED
LAKE
WATE
R FO
R DR
INK-
ING WATER.
IMPORTANCE: The halogenated hydrocarbons in drinking water from the Great
Lakes may be carcinogenic, a problem to human health. Furthermore, halo—
genated compounds in chlorinated waste waters may have harmful effects on
aqua
tic
orga
nism
s th
roug
h bi
anag
nifi
cati
on a
nd l
ow l
evel
chro
nic
expo
sure
.
Solution to the problems is of major economic importance.
NEED: ECOL 2-1
Determination of Effects of Chlorinated Hydrocarbons in Drinking Water on
Human Health
OBJECTIVE:
To evaluate the known or potential effects on human health of chlorinated
organic compounds formed by chlorination of drinking water.
To d
evel
op m
etho
ds t
o de
term
ine
whet
her
a he
alth
prob
lem
exis
ts a
t co
ncen
tra-
tions equal to maximum levels found in drinking water.
To determine long—term, low-level chronic effects.
13
 NEED: ECOL 2-2
Det
erm
ina
tio
n
of
the
Lon
g-T
erm
Low
Lev
el
Eff
ect
s
of
Chl
ori
nat
ed
Org
ani
cs
on
Animals and Aquatic Organisms
OBJECIIVE: .
To
det
erm
ine
the
dos
e r
esp
ons
e r
ela
tio
nsh
ips
for
low
lev
els
of
chl
ori
nat
ed
org
ani
cs
in
dri
nki
ng
wat
er
whe
n i
nge
ste
d o
ver
lon
g p
eri
ods
in
at
lea
st
2
species of animals.
To
val
ida
te
the
sho
rt
tes
ts
aga
ins
t t
he
con
ven
tio
nal
lon
g-t
erm
fee
din
g s
tud
ies
for chlorinated organics.
To
det
erm
ine
the
pot
ent
ial
chr
oni
c e
ffe
cts
on
aqu
ati
c o
rga
nis
ms
of
chl
ori
nat
ed
hyd
roc
arb
ons
in
chl
ori
nat
ed
wat
ers
dis
cha
rge
d t
o t
he
Gre
at
Lak
es.
To
eva
lua
te
eff
ect
s u
nde
r e
nvi
ron
men
tal
con
dit
ion
s,
and
the
eff
ect
s o
f m
eta
—
bolites.
To
exa
min
e i
ndi
cat
or
org
ani
sms
lik
ely
to
be
aff
ect
ed
thr
oug
h b
ioa
ccu
mul
ati
on.
NEED: ECOL 2-3
Determination of the Sources of Chlorinated Organics
 
OBJECTIVE:
To
det
erm
ine
the
sig
nif
ica
nt
sou
rce
s o
f c
hlo
rin
ate
d o
rga
nic
s,
inc
lud
ing
wat
er
and food so that controls may be developed.
To t
est
the
assu
mpti
on t
hat
drin
king
wate
r is
the
most
sign
ific
ant
sour
ce o
f
chlorinated organic compounds.
To
ide
nti
fy
the
chl
ori
nat
ed
org
ani
c c
omp
oun
ds
inc
lud
ing
the
vol
ati
le
com
pou
nds
(haloforms), non-polar compounds of low volatility, and polar compounds pre—
sent
in d
rink
ing
wate
r an
d to
dete
rmin
e so
urce
s of
the
conc
entr
atio
ns p
rese
nt.
To distinguish compounds formed in the chlorination process from chlorinated
compounds in the raw waters.
NEED: ECOL 2-4
Identification and Sources of Precursors of Chlorinated Hydrocarbons in
Drinking Water
OBJECTIVE:
To identify the compounds serving as precursors of chlorinated hydrocarbons in
drinking water especiallythose of high potential health hazard.
To determine their sources.
NEED: ECOL 2-5
Determination of the Behavior and Fate of Chlorinated Hydrocarbons
OBJECTIVE:
To evaluate the environmental behavior and fate in the Great Lakes of chlor-
inated hydrocarbons formed by chlorination of water and waste water; including
dispersal, intermediate and final sediments, and transport to the atmosphere.
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ISS
UE:
ECO
L 3
(CR
ITI
CAL
)
FAT
ES
AND
EFF
ECT
S
OF
POT
ENT
IAL
LY
TOX
IC
ELE
MEN
TS
STA
TEM
ENT
:
THE
IMP
ACT
OF
ELE
MEN
TS
ENT
ERI
NG
THE
GRE
AT
LAK
ES
DEP
END
S
ON
THE
IR
CHE
MIC
AL
FOR
M A
ND
SPE
CIE
S,
THE
IR
TRA
NSP
ORT
IN
WAT
ER
AND
DEP
OSI
TIO
N I
N S
EDI
-
MEN
TS,
AND
THE
IR
TOX
ICI
TY
TO
AQU
ATI
C
BIO
TA
AND
CON
SUM
ERS
OF
AQU
ATI
C
BIO
TA.
IMP
ORT
ANC
E:
Rea
lis
tic
wat
er
qua
lit
y o
bje
cti
ves
for
pot
ent
ial
ly
tox
ic
ele
men
ts
can
not
be
est
abl
ish
ed
wit
hou
t t
his
inf
brm
ati
on.
Nor
, t
her
efo
re,
can
hum
an
hea
lth
and
the
Gre
at
Lak
es
liv
ing
res
our
ces
be
ade
qua
tel
y p
rot
ect
ed
at
rea
son
-
abl
e c
ost
s t
o s
oci
ety
.
Fur
the
r,
use
ful
sur
vei
lla
nce
and
mon
ito
rin
g p
rog
ram
s
depend upon the setting of objectives.
NEED: ECOL 3-1
Det
erm
ina
tio
n o
f t
he
Eff
ect
s o
f M
erc
ury
—Co
nta
min
ate
d F
ish
on
Hum
an
Hea
lth
 
OBJECTIVE:
To
con
duc
t a
n e
pid
emi
olo
gic
al
stu
dy
to
det
erm
ine
the
hea
lth
eff
ect
s o
f m
erc
ury
in contaminated fish.
To p
rovi
de a
more
accu
rate
meas
ure
of t
he h
ealt
h ha
zard
of s
peci
fic
merc
ury
levels in humans.
NEED: ECOL 3—2
Development of an Analytical and Sampling Methodology for Toxic Elements
OBJECTVVE:
To develop methods of sampling and analysis to enable the measurement of
conc
entr
atio
n an
d sp
ecia
tion
of e
ach
elem
ent
of i
nter
est
and
henc
e en
able
the
pro
per
ass
ess
men
t o
f t
he
eco
log
ica
l e
ffe
cts
of
any
met
als
in
the
Gre
at
Lak
es.
NEED: ECOL 3-3
Dete
rmin
atio
n of
the
Avai
labi
lity
and
Toxi
city
to A
quat
ic B
iota
of t
he V
ario
us
Forms and Species of Toxic Elements
OBJECTIVE:
To m
easu
re t
he b
ioac
cumu
lati
on o
f an
d ch
roni
c to
xici
ty t
o aq
uati
c or
gani
sms
of
fre
e a
nd
bou
nd
ele
men
ts
in
wat
er
and
ele
men
ts
in
foo
d u
nde
r t
he
var
yin
g c
on-
ditions typical of the Great Lakes.
To m
easu
re b
ioac
cumu
lati
on a
nd c
hron
ic t
oxic
ity
of t
oxic
elem
ents
from
rele
vant
port
ions
of r
elev
ant
aqua
tic
orga
nism
s to
cons
umer
s su
ch a
s bi
rds,
wild
life
or
man .
To assess the importance to bioaccumulation and toxicity of the size, age,
sex,
bioc
hemi
cal
comp
osit
ion,
and
seas
on a
nd l
ocat
ion
of c
aptu
re o
f th
e aq
uati
c
organisms.
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NEED: ECOL 3-4
Ev
al
ua
ti
on
of
Pr
op
os
ed
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
fo
r
To
xi
c
El
em
en
ts
Ba
se
d
on
La
bo
ra
to
ry
—D
er
iv
ed
To
xi
ci
ty
an
d
Bi
oa
cc
um
ul
at
io
n
Da
ta
OBJECTIVE:
To
re
al
is
ti
ca
ll
y
as
se
ss
th
e
si
mi
la
ri
ty
be
tw
ee
n
th
e
la
bo
ra
to
ry
an
d
th
e
Gr
ea
t
La
ke
s
of
bi
oa
cc
um
ul
at
io
n
an
d
to
xi
ci
ty
to
aq
ua
ti
c
bi
ot
a.
NEED: ECOL 3—5
De
te
rm
in
at
io
n
of
Ch
ro
ni
c
To
xi
ci
ty
to
Aq
ua
ti
c
Bi
ot
a
of
a
Ch
ro
ni
c
Ex
po
su
re
to
Mixtures of Two or More Elements
OBJECTIVE:
To
me
as
ur
e
th
e
to
xi
c
ef
fe
ct
on
aq
ua
ti
c
bi
ot
a
of
a
ch
ro
ni
c
ex
po
su
re
to
mi
xt
ur
es
of two or more elements.
NEED: ECOL 3—6
Id
en
ti
fi
ca
ti
on
of
th
e
So
ur
ce
In
pu
ts
an
d
th
e
In
pu
t
Qu
an
ti
ti
es
of
To
xi
c
El
em
en
ts
to the Water Environment
OBJECTIVE:
To
de
te
rm
in
e
th
e
qu
an
ti
ti
es
of
to
xi
c
el
em
en
ts
en
te
ri
ng
th
e
wa
te
r
en
vi
ro
nm
en
t
fr
om
so
ur
ce
s
su
ch
as
fa
ll
—o
ut
,
la
nd
er
os
io
n,
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
ef
fl
ue
nt
,
st
or
m
ou
tf
al
ls
,
et
c.
,
so
th
at
re
me
di
al
pr
og
ra
ms
ca
n
be
de
ve
lo
pe
d
to
re
du
ce
th
ei
r
co
nc
en
tr
at
io
ns
in
th
e
wa
te
r
ec
os
ys
te
m
an
d
su
bs
eq
ue
nt
ly
th
ei
r
ef
fe
ct
s
on
aquatic life.
NEED: ECOL 3-7
De
te
rm
in
at
io
n
of
th
e
Me
th
od
s
an
d
Ra
te
s
of
Tr
an
sp
or
t
an
d
Di
sp
er
sa
l
of
To
xi
c
El
em
en
ts
on
En
te
ri
ng
th
e
Wa
te
r
En
vi
ro
nm
en
t
OBJECTIVE:
To
de
te
rm
in
e
th
e
ph
ys
ic
al
,
ch
em
ic
al
an
d
bi
ol
og
ic
al
me
th
od
s
of
tr
an
sp
or
ti
ng
to
xi
c
el
em
en
ts
th
ro
ug
h
th
e
aq
ua
ti
c
ec
os
ys
te
m
an
d
th
e
ra
te
at
wh
ic
h
th
is
transportation takes place.
To
de
te
rm
in
e
th
e
ph
ys
ic
al
an
d
ch
em
ic
al
me
th
od
s
of
di
sp
er
sa
l
of
to
xi
c
me
ta
ls
in
th
e
wa
te
r
an
d
th
e
ra
te
s
of
th
ei
r
di
sp
er
sa
l.
NEED: ECOL 3-8
Id
en
ti
fi
ca
ti
on
of
th
e
Fa
te
of
To
xi
c
El
em
en
ts
in
th
e
Wa
te
r
En
vi
ro
nm
en
t
OBJECTIVE:
To
de
te
rm
in
e
th
e
tr
an
sf
or
ma
ti
on
of
to
xi
c
el
em
en
ts
on
en
te
ri
ng
th
e
en
vi
ro
nm
en
t.
To
de
te
rm
in
e
th
e
ul
ti
ma
te
si
nk
(s
)
of
to
xi
c
el
em
en
ts
in
th
e
aq
ua
ti
c
ec
os
ys
te
m.
16
IS
SU
E:
EC
OL
4
(C
RI
TI
CA
L)
POLYCHLORINATED BIPHENXLS (PCBS)
 
ST
AT
EM
EN
T:
PO
LY
CH
LO
RI
NA
TE
D
BI
PH
EN
YL
S
AR
E
KN
OW
TO
CO
NS
TI
TU
TE
TH
E
TH
IR
D
MO
ST
WI
DE
LY
DI
ST
RI
BU
TE
D
GR
OU
P
OF
OR
GA
NI
C
PO
LL
UT
AN
TS
ON
EA
RT
H.
TH
EY
AR
E
0F
VE
RY
BR
OA
D
OC
CU
RR
EN
CE
IN
WA
TE
R,
SE
DI
ME
NT
,
AT
MO
SP
HE
RE
AN
D
OR
GA
NI
SM
S
AL
L
OV
ER
TH
E
WO
RL
D.
IN
TH
E
GR
EA
T
LA
KE
S,
LE
VE
LS
EX
CE
ED
IN
G
U.
S.
AN
D
CA
NA
DI
AN
GU
ID
EL
IN
ES
AR
E
CO
MM
ON
LY
DE
TE
CT
ED
IN
A
NU
MB
ER
OF
FI
SH
SP
EC
IE
S.
HI
GH
CO
NC
EN
TR
AT
IO
NS
IN
GR
EA
T
LA
KE
S
OR
GA
NI
SM
S
HA
VE
BE
EN
CO
RR
EL
AT
ED
WI
TH
RE
PR
OD
UC
TI
VE
FA
IL
UR
ES
OF
FI
SH
—E
AT
IN
G
BI
RD
S
AN
D
HA
VE
BE
EN
SH
OW
N
TO
CA
US
E
SI
MI
LA
R
EF
FE
CT
S
IN
MI
NK
FE
D
WI
TH
GR
EA
T
LAKES FISH.
DW
PO
FT
AN
CE
:
Al
th
ou
gh
th
e
us
e
of
PC
Bs
ha
s
re
po
rt
ed
ly
be
en
re
du
ce
d
in
th
e
pa
st
fe
w
ye
ar
s,
th
e e
nv
ir
on
me
nt
al
le
ve
ls
ha
ve
re
ma
in
ed
un
ac
ce
pt
ab
ly
hi
gh
.
Th
us
,
th
e
co
mm
er
ci
al
ut
il
iz
at
io
n
of
Gr
ea
t
La
ke
s
fi
sh
ha
s
be
en
an
d
co
nt
in
ue
s
to
be
cu
rt
ai
le
d
an
d
wa
rn
in
gs
ha
ve
al
so
be
en
is
su
ed
to
sp
or
t
fi
sh
er
me
n.
Fu
rt
he
r,
th
e
co
nc
en
tr
at
io
ns
no
w
co
mm
on
ly
fo
un
d
in
Gr
ea
t
La
ke
s
fi
sh
ex
ce
ed
th
e
di
et
ar
y
le
ve
ls
th
at
ha
ve
be
en
sh
ow
n
to
be
de
le
te
ri
ou
s
to
mo
nk
ey
s;
th
us
su
gg
es
ti
ng
th
at
th
e
pr
es
en
t
Gr
ea
t
La
ke
s
PC
B
le
ve
ls
ma
y
po
se
a
hu
ma
n
he
al
th
th
re
at
.
NEED: ECOL 4—1
De
te
rm
in
at
io
n
of
th
e
So
ur
ce
s
of
Gr
ea
t
La
ke
s
Po
ly
ch
lo
ri
na
te
d
Bi
ph
en
yl
s
OBJECTIVE:
To
de
te
rm
in
e
an
d
qu
an
ti
fy
th
e
di
ff
er
en
t
so
ur
ce
s
of
PC
Bs
.
To
de
te
rm
in
e
an
d
qu
an
ti
fy
mo
de
s
of
re
le
as
e,
tr
an
sp
or
t,
an
d
en
tr
y
to
th
e
la
ke
s
of PCBs.
NEED: ECOL 4-2
De
te
rm
in
at
io
n
of
th
e
To
xi
c
Ef
fe
ct
of
PC
Bs
an
d
th
ei
r
Me
ta
bo
li
te
s
on
Gr
ea
t
La
ke
s
Biota
OBJECTIVE:
To
de
te
rm
in
e
th
e
ef
fe
ct
s,
es
pe
ci
al
ly
ch
ro
ni
c,
of
PC
Bs
an
d
th
ei
r
br
ea
kd
ow
n
pr
o-
ducts on aquatic organisms of the Great Lakes.
NEED: ECOL 4-3
De
ve
lo
pm
en
t
of
a
Me
th
od
or
Me
th
od
s
fo
r
Me
as
ur
in
g
Am
ou
nt
s
of
Sp
ec
if
ic
Co
mp
ou
nd
s
in the PCB Group
OBJECTIVE:
To
pr
ov
id
e
me
aS
ur
em
en
ts
of
PC
Bs
an
d
co
mp
ou
nd
s
wi
th
in
th
e
P6
33
gr
ou
p
so
th
at
the
eff
ect
s a
nd
fat
es
of
PCB
s c
an
be
mor
e a
ccu
rat
ely
det
erm
ine
d.
17
 NEED: ECOL 4-4
Determination of the Dynamics of PCBs within Great Lakes Ecosystems
OBJECTIVE:
To determine the persistence of PCBs the rates at which they are exchanged
among the various compartments of the Great Lakes ecOsystems and the rate at
which they are removed from those systems.
To develop better means to control the magnitude of their deleterious effects.
NEED: ECOL 4-5
Establishment of Trends of PCB Concentrations in the Great Lakes
OBJECTIVE:
To measure on a continuing basis the levels of PCBs in selected significant
components of the Great Lakes ecosystems.
To determine trends in the levels of the PCBs and their breakdown products
in order to evaluate the threat to the environment from these compounds and to
evaluate control efforts.
NEED: ECOL 4-6
Evaluation of Potential Problems of PCB Substitutes
OBJECTIVE:
To evaluate the effects of the suggested PCB substitutes in order to prevent
environmental degradation and hazard to human or aquatic organisms.
ISSUE: ECOL 5 (CRITICAL)
IDENTIFICATION OF ENDANGERED SPECIES
 
STATEMENT: LOSSES OF ANIMAL OR PLANT FORMS CAUSED BY CHRONIC ENVIRONMENTAL
STRESS CANNOT BE PREDICTED, NOR, IN MANY CASES, CAN THE EARLY SYMPTOMS OF
ECOSYSTEM CHANGE BE RECOGNIZED. THE EFFECTS OF SOME STRESSING AGENTS ARE
SUBTLE, PERHAPS SYNERGISTIC, AND OFTEN VARY IN THEIR EFFECTS ON VARIOUS
TROPHIC LEVELS BECAUSE OF BIOMAGNIFICATION. MANY PRESENT AND FUTURE STRESSORS
HAVE YET TO BE IDENTIFIED. AN EARLY WARNING CAPABILITY COULD FORESTALL
ECOSYSTEM DAMAGE.
IMPORTANCE: Revenue, jobs and recreational opportunities are lost because of
the disappearance or reduction of fish stocks and other elements of the biota.
Managers cannot evaluate the relative costs of protection now vs. restoration
later. Balanced stable aquatic communities, especially the fish, reflect the
health of the waters in general and then provide a safeguard to human health
and well-being. Replacement of lost, endemic, adapted forms is not assured.
The preservation of these unique organismsis important for present and future
educational needs. Their extinction is morally and ethically unacceptable.
 
l8
NEED: ECOL 5—1
Def
ini
tio
n
of
Bio
log
ica
l
Cri
ter
ia
whi
ch
are
Sen
sit
ive
to
Sub
tle
Env
iro
nme
nta
l
Changes
OBJECTIVE:
To
id
en
ti
fy
bi
ol
og
ic
al
cr
it
er
ia
,
su
ch
as
ch
an
ge
s
in
fi
sh
gr
ow
th
ra
te
s
or
se
x
ra
ti
os
an
d
sh
if
ts
in
di
st
ri
bu
ti
on
,
wh
ic
h
wo
ul
d
be
mo
st
se
ns
it
iv
e
to
su
bt
le
env
iro
nme
nta
l
str
ess
es
suc
h
as
tho
se
res
ult
ing
fro
m n
utr
ien
t
loa
din
g
or
bio
-
mag
nif
ica
tio
n o
f m
inu
te
amo
unt
s o
f t
oxi
c m
ate
ria
ls.
NEED: ECOL 5—2
Det
erm
ina
tio
n
of
the
Rat
e
of
Los
s
and
Mas
s
Cri
tic
al
to
the
Per
sis
ten
ce
of
Tax
a
under Various Environmental Conditions
OBJECTIVE:
To
det
erm
ine
the
pop
ula
tio
n l
eve
l w
hic
h f
or
any
tax
on
per
mit
s i
ts
sur
viv
al,
and continued normal function in its community.
To
exp
lor
e
pos
sib
le
rel
ati
ons
hip
s
bet
wee
n
a r
ate
fun
cti
on
or
fun
cti
ons
as
indicative of dysfunction.
NEED: ECOL 5-3
Det
erm
ina
tio
n o
f t
he
Min
imu
m S
upp
ort
Lev
els
for
Per
sis
ten
ce
of
Tax
a
OBJECTIVE:
To
dev
elo
p i
mpr
ove
d u
nde
rst
and
ing
of
the
sen
sit
ivi
ty
of
tho
se
mos
t f
rag
ile
bio
ta
in
the
eco
sys
tem
to
dev
elo
p p
rot
ect
ive
mea
sur
es
to
avo
id
wil
d o
sci
lla
tio
ns
whi
ch
may
res
ult
fro
m h
uma
n c
ont
rol
ini
tia
tiv
es
suc
h a
s p
hos
pha
te
lim
ita
tio
ns.
ISS
UE:
ECO
L 6
(CR
ITI
CAL
)
MICROBIAL TRANSFORMATION AND RE—CYCLING 0F ORGANICS
 
STA
TEM
ENT
:
IN
GEN
ERA
L,
BIO
LOG
ICA
L C
ONS
IDE
RAT
ION
S R
ELA
TED
TO
WAT
ER
QUA
LIT
Y
HAV
E E
MPH
ASI
ZED
THE
PRO
DUC
TIO
N S
IDE
OF
THE
ORG
ANI
C C
YCL
E (
ALT
HOU
GH
THI
S H
AS
NOT
BEE
N T
RUE
FOR
WAS
TE
TRE
ATM
ENT
SYS
TEM
S).
UND
ERS
TAN
DIN
G O
F T
HE
WOR
KIN
GS
OF
THE
ORG
ANI
C C
YCL
E I
N T
HE
GRE
AT
LAK
ES,
AND
THE
BRE
AKD
OWN
AND
RE-
CYC
LIN
G P
RO—
CESS
ES A
S TH
EY R
ELAT
E TO
NATU
RAL
AND
CONT
AMIN
ATIN
G OR
GANI
C MA
TERI
ALS,
IS
INADEQUATE.
IMPO
RTAN
CE:
IMpr
oved
know
ledg
e of
the
tran
sfbr
mati
on w
hich
micr
o-or
gani
sms
per
for
m o
r a
re
cap
abl
e o
f p
erf
orm
ing
, w
ill
lea
d t
o i
mpr
ove
men
ts
in
pra
cti
ces
of w
aste
trea
tmen
t pl
ants
, p
arti
cula
rly
affe
ctin
g th
eir
disc
harg
es i
nto
the
lak
es,
and
to
mor
e r
eal
ist
ic
and
use
ful
wat
er
qua
lit
y o
bje
cti
ves
and
sta
nda
rds
.
   
NEED: ECOL 6-1
I
d
e
n
t
i
f
i
c
a
t
i
o
n
a
n
d
D
i
s
t
r
i
b
u
t
i
o
n
of
th
e
P
r
i
n
c
i
p
a
l
P
h
y
s
i
o
l
o
g
i
c
a
l
T
y
p
e
s
OBJECTIVE:
To
i
m
p
r
o
v
e
t
h
e
s
y
s
t
e
m
'
s
c
a
p
a
c
i
t
y
to
d
e
g
r
a
d
e
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
t
h
r
o
u
g
h
i
d
e
n
t
i
f
i
c
a
t
i
o
n
a
n
d
s
t
u
d
y
of
f
o
r
m
s
c
a
p
a
b
l
e
of
t
r
a
n
s
f
o
r
m
i
n
g
m
a
n
-
m
a
d
e
o
r
g
a
n
i
c
substances.
NEED: ECOL 6—2
D
e
t
e
r
m
i
n
a
t
i
o
n
of
th
e
M
i
c
r
o
b
i
a
l
I
n
t
e
r
a
c
t
i
o
n
s
w
i
t
h
C
o
n
t
a
m
i
n
a
n
t
s
OBJECTIVE:
To
un
d
e
r
s
t
a
n
d
th
e
k
i
n
e
t
i
c
s
of
d
e
g
r
a
d
a
t
i
o
n
of
r
e
f
r
a
c
t
o
r
y
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
s
-
a
s
p
a
s
s
e
d
ou
t
f
r
o
m
se
wa
ge
t
r
e
a
t
m
e
n
t
pl
an
ts
,
in
c
h
l
o
r
i
n
a
t
e
d
or
u
n
c
h
l
o
r
i
n
a
t
e
d
states.
To
st
ud
y
po
te
nt
ia
l
ac
cu
mu
la
ti
on
in
th
e
aq
ua
ti
c
sy
st
em
of
pa
rt
ia
ll
y
de
gr
ad
ed
molecules.
NEED: ECOL 6—3
De
te
rm
in
at
io
n
of
th
e
De
le
te
ri
ou
s
Ef
fe
ct
s
of
Mi
cr
oo
rg
an
is
ms
in
Pu
bl
ic
Wa
tg
r
Supplies
OBJECTIVE:
To
un
de
rs
ta
nd
an
d
pe
rh
ap
s
co
nt
ro
l
th
e
op
er
at
iv
e
me
ch
an
is
ms
wh
ic
h
pr
od
uc
e
un
ac
ce
pt
ab
le
ta
st
es
an
d
od
or
s
in
pu
bl
ic
wa
te
r
su
pp
li
es
.
NEED: ECOL 6—4
De
te
rm
in
at
io
n
of
th
e
Ro
le
of
Mi
cr
oo
rg
an
is
ms
in
Pr
od
uc
in
g
Di
re
ct
an
d
In
di
re
ct
Oxygen Demand
OBJECTIVE:
To
ex
pl
or
e
de
la
ye
d
an
d
in
di
re
ct
ef
fe
ct
s
in
ox
yg
en
de
ma
nd
by
se
di
me
nt
s
or
sl
ud
ge
be
ds
,
ar
is
in
g
th
ro
ug
h
me
th
an
e
pr
od
uc
ti
on
an
d
su
bs
eq
ue
nt
ox
id
at
io
n,
an
d
ot
he
r
pr
oc
es
se
s
in
vo
lv
in
g
mi
cr
o
or
ga
ni
sm
s.
IS
SU
E:
EC
OL
7
(C
RI
TI
CA
L)
DY
NA
MI
CS
OF
CO
NT
AM
IN
AN
TS
AN
D
TH
EI
R
TR
AN
SP
OR
T
ST
AT
EM
EN
T:
AS
TH
E
CO
NT
AM
IN
AN
TS
AF
FE
CT
IN
G
WA
TE
R
QU
AL
IT
Y
EN
TE
R
PR
IN
CI
PA
LL
Y
FR
OM
TH
E
AT
MO
SP
HE
RE
OR
FR
OM
PO
IN
TS
0N
SH
OR
E,
TH
EI
R
TR
AN
SP
OR
T,
TR
AN
SF
OR
MA
TI
ON
AN
D
DI
SP
OS
AL
TH
RO
UG
HO
UT
TH
E
LA
KE
S
SY
ST
EM
AR
E
DE
PE
ND
EN
T
0N
WA
TE
R
MO
VE
ME
NT
S
(L
AR
GE
LY
TU
RB
UL
EN
T)
ON
A
WI
DE
RA
NG
E
OF
HO
RI
ZO
NT
AL
AN
D
VE
RT
IC
AL
SC
AL
ES
AN
D
ON
FL
UX
ES
AN
D
TR
AN
SF
OR
MA
TI
ON
S
AS
SO
CI
AT
ED
WI
TH
LI
VI
NG
OR
GA
NI
SM
S
AN
D
WI
TH
IN
TE
RF
AC
ES
(A
IR
/W
AT
ER
,
SEDIMENT/WATER).
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IM
PO
RT
AN
CE
:
Wi
th
ou
t
ad
eq
ua
te
un
de
rs
ta
nd
in
g
of
th
e
re
le
va
nt
pa
tt
er
ns
,
pa
th
wa
ys
an
d
me
ch
an
is
ms
,
pr
op
er
as
se
ss
me
nt
or
pr
ed
ic
ti
ve
mo
de
ll
in
g
of
pa
st
or
pr
op
os
ed
ma
na
ge
me
nt
st
ra
te
gi
es
wi
ll
no
t
be
ac
hi
ev
ed
an
d
th
e
op
ti
mu
m
re
su
lt
s
fr
om
ex
pe
n-
di
tu
re
s
on
wa
te
r
qu
al
it
y
im
pr
ov
em
en
ts
or
pr
ot
ec
ti
on
wi
ll
no
t
be
ob
ta
in
ed
.
NEED: ECOL 7—1
De
te
rm
in
at
io
n
of
Co
nt
am
in
an
t
Bu
dg
et
s:
So
ur
ce
s,
Fl
ux
es
,
Tr
an
sf
or
ma
ti
on
s
an
d
Sinks
OBJECTIVE:
To
im
pr
ov
e
un
de
rs
ta
nd
in
g
of
:
co
nt
am
in
an
t
so
ur
ce
s
an
d
tr
aj
ec
to
ri
es
in
ai
r
an
d
wa
te
r;
th
e
ph
ys
ic
al
an
d
ch
em
ic
al
fo
rm
s
in
wh
ic
h
th
e
co
nt
am
in
an
t
is
pr
es
en
t;
bi
ol
og
ic
al
an
d
ch
em
ic
al
fl
ux
es
an
d
tr
an
sf
or
ma
ti
on
s;
wh
ol
e—
la
ke
or
wh
ol
e-
sy
st
em
bu
dg
et
s;
an
d
fa
te
s
of
co
nt
am
in
an
ts
.
NEED: ECOL 7-2
De
te
rm
in
at
io
n
of
Se
di
me
nt
/W
at
er
Ex
ch
an
ge
OBJECTIVE:
To
de
ve
lo
p
im
pr
ov
ed
un
de
rs
ta
nd
in
g
of
ma
te
ri
al
fl
ux
es
,
pr
es
en
t
an
d
re
ce
nt
se
di
—
me
nt
at
io
n
ra
te
s,
in
fl
ue
nc
e
of
ph
ys
ic
al
an
d
bi
ol
og
ic
al
mi
xi
ng
in
su
rf
ac
e
se
di
-
me
nt
la
ye
rs
,
an
d
th
e
pa
rt
pl
ay
ed
by
se
di
me
nt
st
or
ag
e
an
d
ex
ch
an
ge
in
ch
em
ic
al
budgets.
NEED: ECOL 7—3
De
te
rm
in
at
io
n
of
Ho
ri
zo
nt
al
Di
sp
er
si
on
on
Va
ri
ou
s
Sc
al
es
(O
bs
er
va
ti
on
s
an
d
Mo
de
ls
)
OBJECTIVE:
To
im
pr
ov
e
un
de
rs
ta
nd
in
g
by
ob
se
rv
at
io
n
an
d
mo
de
ll
in
g
of
:
(a
)
wh
ol
e
ba
si
n c
ir
cu
la
ti
on
s
(t
ra
ck
ed
wi
th
ra
di
o-
or
sa
te
ll
it
e—
bu
oy
s)
;
(b
)
ne
ar
sh
or
e
(l
es
s
th
an
15
km
)
ci
rc
ul
at
io
ns
(c
ur
re
nt
me
te
rs
an
d
ra
di
o
lo
ca
te
d
drifters);
(c)
be
ac
h
zo
ne
mo
ve
me
nt
s
(l
es
s
th
an
0.
5
km
of
fs
ho
re
);
(d)
ha
rb
or
/l
ak
e
an
d
ba
y/
la
ke
ex
ch
an
ge
s.
NEED: ECOL 7-4
De
te
rm
in
at
io
n
of
Ve
rt
ic
al
Tr
an
sp
or
ts
in
th
e
Up
pe
r
Mi
xe
d
La
ye
r
an
d
in
th
e
Thermocline
OBJECTIVE:
To
im
pr
ov
e,
th
ro
ug
h
ob
se
rv
at
io
n
an
d
mo
de
ll
in
g,
un
de
rs
ta
nd
in
g
an
d
de
sc
ri
pt
io
n
of
:
(a
)
up
pe
r
mi
xe
d
la
ye
r
dy
na
mi
cs
,
in
cl
ud
in
g
mo
ti
on
s
in
th
e
ph
ot
ic
zo
ne
;
(b
)
th
er
mo
cl
in
e
dy
na
mi
cs
,
in
cl
ud
in
g
cr
os
s—
th
er
mo
cl
in
e
ex
ch
an
ge
s
an
d
st
ra
ti
fi
ed
shear flows;
(c) upwelling dynamics and predictions;
(d)
sub
—th
erm
ocl
ine
mot
ion
s
and
tra
nsp
ort
s.
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NEED: ECOL 7—5
De
te
rm
in
at
io
n
of
Ai
r/
Wa
te
r
In
te
ra
ct
io
ns
an
d
Ex
ch
an
ge
s
OBJECTIVE:
To
d
e
ve
l
o
p
im
pr
ov
ed
un
d
e
r
s
t
a
n
d
i
n
g
of
th
e
fl
ux
es
of
mo
me
nt
um
,
he
at
,
ga
se
s
an
d
ot
he
r
ma
te
ri
al
s,
in
pa
rt
ic
ul
ar
to
un
de
rs
ta
nd
th
e
co
nt
am
in
an
t
tr
an
sp
or
t
ac
ro
ss
th
e
a
i
r
/
wa
t
e
r
i
n
t
e
r
f
a
c
e
an
d
th
e
ro
le
s
pl
ay
ed
by
su
rf
ac
e
fi
lm
s
an
d
a
s
s
o
c
i
a
t
e
d
biota.
IS
SU
E:
EC
OL
8
(C
RI
TI
CA
L)
FA
TE
OF
RA
DI
ON
UC
LI
DE
S
RE
LE
AS
ED
FR
OM
NU
CL
EA
R
FA
CI
LI
TI
ES
 
ST
AT
EM
EN
T:
TH
E
OP
ER
AT
IO
N
OF
NU
CL
EA
R
FA
CI
LI
TI
ES
SU
CH
AS
RE
AC
TO
RS
AN
D
FU
EL
PR
O-
CE
SS
IN
G
PL
AN
TS
IN
VO
LV
ES
TH
E
RE
GU
LA
R
RE
LE
AS
E
OF
SM
AL
L
QU
AN
TI
TI
ES
OF
RA
DI
ON
UC
LI
DE
S
AN
D
TH
E
FI
NI
TE
PR
OB
AB
IL
IT
Y
TH
AT
MA
JO
R
RE
LE
AS
ES
OF
RA
DI
OA
CT
IV
IT
Y
MA
Y
EN
TE
R
TH
E
EN
VI
RO
NM
EN
T
AS
A
RE
SU
LT
OF
A
CA
TA
ST
RO
PH
IC
AC
CI
DE
NT
.
RE
AL
EF
FE
CT
S
OF
PR
ES
EN
T
AC
TI
ON
S
AR
E
NO
T
CL
EA
R
NO
R
CA
N
TH
E
EF
FE
CT
S
BE
PR
ED
IC
TE
D
OF
MA
JO
R
RE
LE
AS
ES
ON
DR
IN
KI
NG
WA
TE
R
SU
PP
LI
ES
AN
D
TH
OS
E
SE
GM
EN
TS
OF
AQ
UA
TI
C
FO
OD
CH
AI
NS
DI
RE
CT
LY
AF
FE
CT
IN
G
MA
N
FO
R
A
TI
ME
EQ
UA
L
TO
TH
E
LI
FE
TI
ME
OF
EA
CH
RA
DI
ON
UC
LI
DE
.
IM
PO
RT
AN
CE
:
Th
e
Gr
ea
t
La
ke
s
pr
ov
id
e
th
e
dr
in
ki
ng
wa
te
r
fo
r
a
si
gn
if
ic
an
t
po
rt
io
n
of
th
e
po
pu
la
ti
on
of
th
e
U.
S.
an
d
Ca
na
da
.
Th
is
in
fo
rm
at
io
n
wi
ll
be
im
po
rt
an
t
to
de
ve
lo
p
si
te
—b
y—
si
te
co
nt
in
ge
nc
y
pl
an
s
fo
r
wa
te
r
tr
ea
tm
en
t,
an
d
th
e
lo
ng
-t
er
m
us
ag
e
of
th
e
wa
te
r
bo
dy
.
NEED: ECOL 8-1
De
ve
lo
pm
en
t
of
Im
pr
ov
ed
Pr
ed
ic
ti
on
of
Sh
or
t-
Te
rm
Re
mo
va
l
Pr
oc
es
se
s
fo
r
Ra
di
on
uc
li
de
s
fr
om
th
e
Wa
te
r
Co
lu
mn
OBJECTIVE:
To
de
te
rm
in
e
th
e
po
ss
ib
le
ch
em
ic
al
fo
rm
an
d
sp
ec
ia
ti
on
fo
r
ra
di
on
uc
li
de
s
in
water following their release.
To
de
te
rm
in
e
th
e
re
la
ti
ve
im
po
rt
an
ce
of
bi
ot
ic
an
d
ab
io
ti
c
pr
oc
es
se
s
su
ch
as
up
ta
ke
by
ph
yt
op
la
nk
to
n
an
d
in
or
ga
ni
c
pa
rt
ic
ul
at
e
ma
tt
er
in
th
e
wa
te
r
co
lu
mn
in
th
e
re
mo
va
l
of
ra
di
on
uc
li
de
s
fr
om
th
e
wa
te
r
co
lu
mn
.
To
pr
ed
ic
t
th
e
re
su
lt
in
g
co
nc
en
tr
at
io
ns
of
ra
di
on
uc
li
de
s
in
dr
in
ki
ng
wa
te
r.
NEED: ECOL 8—2
De
te
rm
in
at
io
n
of
Bi
oa
cc
um
ul
at
io
n
of
Ra
di
on
uc
li
de
s
in
Aq
ua
ti
c
Or
ga
ni
sm
s
OBJECTIVE:
To
de
te
rm
in
e
th
e
co
nc
en
tr
at
io
n
of
th
e
tr
an
su
ra
ni
c
el
em
en
ts
in
th
e
co
mm
on
ly
ed
ib
le
po
rt
io
ns
of
aq
ua
ti
c
or
ga
ni
sm
s
as
a
ba
si
s
fo
r
th
e
ca
lc
ul
at
io
n
of
th
e
radiation dose to man.
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 NEED: ECOL 8—3
Determination of the Long—Term Removal and Resuspension Processes for Radio-
nuclides in the Great Lakes
OBJECTIVE:
To determine the effects of bioturbation, currents, storm activity and lake
morphology on sedimentation rate and the distribution of radionuclides in the
sediments and their influence on the long-term availability of radionuclides
to return to the water column by resuspension.
NEED: ECOL 8-4
Determination of the Effect of Extreme Changing of Water Quality on the Availa-
bility of Radionuclides to the Water Column
OBJECTIVE:
To determine the physical—chemical interaction of each nuclide as it may be
affected by changing conditions, e.g. dissolved 02, E , pH, complexing capacity
of the water column over lifetimes greater than several hundred years and for
changes in water quality.
ISSUE: ECOL 9 (CRITICAL)
RELATIONSHIP OF HUMAN HEALTH TO ASBESTIFORM MINERALS IN WATERS
STATEMENT: ASBESTIFORM MINERALS ARE PRESENTLY ENTERING THE AIR AND WATERS OF
THE GREAT LAKES. INSUFFICIENT DATA EXIST TO PERMIT ADEQUATE EVALUATION OF THE
HUMAN HEALTH IMPLICATIONS OF THESE MINERALS AND THUS DEVELOPMENT OF PROTECTIVE
WATER QUALITY OBJECTIVES FOR THE GREAT LAKES CANNOT PROCEED.
IMPORTANCE: High doses of inhaled asbestos lead to an increase in gastric and
pulmonary cancer in man; waterborne asbestos may play a role in human carcino-
genesis.
NEED .' ECOL 9-1
Development of Standard and Improved Methods of Measurement of Asbestiform
Materials
OBJECTIVE:
To develop standard methods for (1) transmission electron microscopy, (TEM)
the primary analytical tool, and (2) selected short-cut methods that can be
related to TEM results for use in routine monitoring of air and water.
To compare interlaboratory precision and accuracy of existing analytical
methods and eventual standard methods.
To develop improved methods of measurements.
To develop standard methods for the collection, storage and preparation of air
and water samples for asbestiform mineral analysis by TEM and short-cut methods
such as, for example, X-ray diffraction.
23
 NEED: ECOL 9—2
De
te
rm
in
at
io
n
of
Da
il
y
Ex
po
su
re
to
As
be
st
if
or
m
Fi
br
es
Or
ig
in
at
in
g
fr
om
Wa
te
r
OBJECTIVE:
To
de
te
rm
in
e
th
e
po
ss
ib
le
he
al
th
ha
za
rd
as
so
ci
at
ed
wi
th
ma
n'
s
da
il
y
ex
po
su
re
to
as
be
st
if
or
m
fi
br
es
ar
is
in
g
fr
om
(1
)
dr
in
ki
ng
wa
te
r
an
d
(2
)
su
ch
ac
ti
vi
ti
es
as
hu
mi
di
fi
ca
ti
on
an
d
cl
ot
he
s
dr
yi
ng
.
To
ca
lc
ul
at
e
ma
n'
s
da
il
y
ex
po
su
re
to
as
be
st
os
an
d
as
se
ss
th
e
he
al
th
ha
za
rd
s
arising from each source.
NEED: ECOL 9-3
De
te
rm
in
at
io
n
of
th
e
He
al
th
Ef
fe
ct
s
of
Lo
ng
—T
er
m
In
ge
st
io
n
of
th
e
Va
ri
ou
s
Fo
rm
s
of
As
be
st
if
or
m
Fi
br
es
Fo
un
d
in
Dr
in
ki
ng
Wa
te
r
 
OBJECTIVE:
To
de
ve
lo
p
li
fe
ti
me
da
ta
in
ex
pe
ri
me
nt
al
ma
mm
al
s
ne
ce
ss
ar
y
to
pr
ed
ic
t
th
e
de
gr
ee
of
he
al
th
ha
za
rd
ar
is
in
g
fr
om
ex
po
su
re
to
wa
te
rb
or
ne
as
be
st
if
or
m
fibres.
To
de
te
rm
in
e
lo
ng
-t
er
m
ef
fe
ct
s
on
an
im
al
s
of
in
ge
st
io
n
of
as
be
st
if
or
m
fi
br
es
.
To
ev
al
ua
te
th
e
lo
ng
—t
er
m
hu
ma
n
he
al
th
ef
fe
ct
s
(i
nc
lu
di
ng
ca
rc
in
og
en
ic
)
of
th
e
va
ri
ou
s
fo
rm
s
so
th
at
co
nt
ro
l
st
ra
te
gi
es
ca
n
be
im
pr
ov
ed
.
NEED: ECOL 9—4
Id
en
ti
fi
ca
ti
on
of
Si
gn
if
ic
an
t
So
ur
ce
s
of
As
be
st
os
in
Dr
in
ki
ng
Wa
te
r
OBJECTIVE:
To
de
te
rm
in
e
th
e
ma
n-
ma
de
an
d
na
tu
ra
l
so
ur
ce
s
of
as
be
st
os
so
th
at
a
be
tt
er
control strategy can be developed.
NEED: ECOL 9-5
De
ve
lo
pm
en
t
of
Me
th
od
s
to
Tr
ea
t
Wa
te
r
to
Re
mo
ve
As
be
st
os
OBJECTIVE:
To
de
ve
lo
p
im
pr
ov
ed
me
th
od
s
to
fi
lt
er
as
be
st
os
fi
br
es
fr
om
wa
te
r
an
d
ot
he
r
be
ve
ra
ge
s,
ev
en
wi
th
ou
t
de
fi
ni
ti
ve
ev
id
en
ce
of
th
e
ca
rc
in
og
en
ic
ha
za
rd
of
waterborne asbestos.
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ISSUE: ECOL 10 (ESSENTIAL)
RELATIONSHIPS BETWEEN THE NEARSHORE ZONE AND THE OPEN WATERS OF THE GREAT
LAKES
STATEMENT: ADVERSE EFFECTS ON THE NEARSHORE ZONE AND TRIBUTARY WATERS RESULT
PRIMARILY FROM DEVELOPMENT OF SHORELINE PROPERTY, ENGINEERING WORKS INCLUDING
DAMS OR CHANNELIZATION, POWER DEVELOPMENTS AND VARIOUS MODIFICATIONS TO TRIBU-
TARY STREAMS AND THEIR ESTUARIES, DRAINAGE AND LANDFILL ON WETLANDS' SITES OR
OTHER ALTERATIONS TO THE WATERSHED. IT IS NOT KNOWN HOW MUCH COASTAL ZONE
MODIFICATION CAN BE ACCOMMODATED WITHOUT INDUCING EITHER A DELETERIOUS QUANTA-
TIVE 0R QUALITATIVE CHANGE IN PRODUCTIVITY OF THE TOTAL LAKE SYSTEM AS IT MAY
HAVE EXISTED IN THE PRE—1930's.
IMPORTANCE: (A) Social — Changes induced could result in loss of recreational
and educational opportunities, conflicts over diminished resources,
depreciation of aesthetic values and a potential erosion of environmental
ethics.
(B) Economic - Induced perturbations could create a loss of revenue becauseof
quantitative or qualitative reduction in yield to commercial and sports
fisheries, a decrease in tourism and associated or supportive enterprises
or increased costs of environmental protection (e.g. construction of
cooling towers, fishways, levees).
(C)
Ecol
ogic
— En
viro
nmen
tal
effe
cts
on n
ears
hore
and
trib
utar
y wa
ters
coul
d
create:
(a) Losses of spawning, nursery grounds and feeding areas of adfluvial
fishes and associated biota of genetic stocks adapted for fluvial,
estuarine or nearshore survival;
(b) potential reduction or qualitative composition of profundal fauna
through environmental alteration;
(c) alteration or obliteration of macrophyte beds;
(d) quantitative changes in planktonic colonies;
(e)
adva
ntag
eous
oppo
rtun
ity
for
esta
blis
hmen
t of
exot
ic
(pes
t) b
iota
;
(f? disruption in the annual regime of nutrient transfer and energy
cascades between the organic sector of nearshore waters and that
of the limnetic and profundal outer waters;
(9) entrainment, thermal shock and infringment of aquatic organisms;
(h) stranding of eggs, benthos or other biota through drawdown;
(i) creation of tidal zone (alternately exposed and inundated by
water level fluctuations) and associated losses in productivity;
(j) adverse effects on waterfowl populations and associated wetlands
biota through landfill, drainage or water level fluctuations.
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 NEED: ECOL lO-l
Det
erm
ina
tio
n
of
Ins
hor
e -
Off
sho
re
Ene
rgy
and
Mat
eri
als
Tra
nsp
ort
OBJECTIVE:
To
det
erm
ine
nut
rie
nt
and
ene
rgy
pat
hwa
ys,
flu
x
and
reg
ime
bet
wee
n
the
org
ani
c
sec
tor
of
the
nea
rsh
ore
zon
e a
nd
tha
t o
f t
he
lim
net
ic
and
pro
fun
dal
zon
es
of
offshore waters.
NEED: ECOL 10—2
Ass
ess
men
t o
f N
ear
sho
re
Per
tur
bat
ion
al
Eff
ect
s o
n W
hol
e L
ake
Pro
duc
tiv
ity
OBJECTIVE:
To
ass
ess
qua
nti
tat
ive
and
qua
lit
ati
ve
los
ses
in
pro
duc
tiv
ity
of
the
out
er
wat
ers
due
to
per
tur
bat
ion
s o
f t
he
ins
hor
e w
ate
rs
and
the
ir
tri
but
ari
es.
NEED: ECOL 10-3
Det
erm
ina
tio
n o
f E
col
ogi
cal
Imp
ort
anc
e o
f t
he
Was
h Z
one
 
OBJECTIVE:
To
det
erm
ine
the
eff
ect
s o
f n
atu
ral
and
cul
tur
al
wat
er
lev
el
flu
ctu
ati
ons
on
prod
ucti
vity
of t
he w
ash
zone
and
its
asso
ciat
ed b
iota
incl
udin
g be
ntho
s,
fishes and waterfowl.
To
ena
ble
dev
elo
pme
nt
of
imp
rov
ed
mea
ns
to
pro
tec
t t
his
zone
.
NEED: ECOL 10—4
Estimation of Lake Capacity for Shoreline Development and Use
OBJECTIVE:
To
det
erm
ine
the
lim
ita
tio
ns
on
the
acc
umu
lat
ive
and
int
egr
ati
ve
eff
ect
s o
f
sho
rel
ine
dev
elo
pme
nt
pos
sib
le
wit
hou
t u
ndu
ly
cha
ngi
ng
the
pro
duc
tiv
e c
apa
cit
y
of
the
who
le
lak
e o
r a
lte
rin
g t
he
com
pos
iti
on
of
bio
tic
com
mun
iti
es.
ISSU
E:
ECOL
ll
(ESS
ENTI
AL)
HAZA
RDOU
S AN
D NU
ISAN
CE O
RGAN
ICS
OF I
NDUS
TRIA
L OR
IGIN
IN T
HE A
QUAT
IC E
NVIR
ONME
NT
STAT
EMEN
T:
INDU
STRI
AL W
ASTE
S GE
NERA
LLY
CONT
AIN
HUND
REDS
OF C
OMPO
UNDS
, B
OTH
ORGA
NIC
AND
INOR
GANI
C, M
ANY
OF W
HICH
MAY
HAVE
DELE
TERI
OUS
EFFE
CTS
ON W
ATER
QUAL
ITY.
SOME
OF T
HE O
RGAN
IC W
ASTE
CONS
TITU
ENTS
MAY
RESI
ST T
REAT
MENT
OR A
RE
TRA
NSF
ORM
ED
DUR
ING
THE
TRE
ATM
ENT
PRO
CES
S I
NTO
PER
SIS
TEN
T C
OMP
OUN
DS.
SUC
H
COMPOUNDS CAN CAUSE TASTE AND ODOUR PROBLEMS, DIRECTLY OR THROUGH BIOMAG-
NIFICATION ENDANGER CERTAIN FORMS OF AQUATIC LIFE OR FISH—EATING BIRDS, AND/
OR CAN PRESENT HUMAN HEALTH HAZARDS.
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 MPORTANCE: Identification of these compounds along with the existing or
potential problems they may cause and determination of their properties and
behaviour in the environment could provide a basis for the development of
adequate preventive and corrective measures.
NEED: ECOL ll—l
Identification and Monitoring of Potentially Dangerous Organic Compounds
OBJECTIVE:
To identify potentially dangerous organic substances which will bioaccumulate
in the higher level of the Great Lakes food chains.
To provide an early identification of potential problem compounds by monitoring.
To develop a monitoring system strategy.
NEED: ECOL 11—2
Identification and Determination of Levels of Harmful organics in Industrial
and Municipal Wastes
 
OBJECTIVE:
To determine the types, amounts, and sources of harmful industrial organics in
the Great Lakes.
To complete an inventory of the types andamounts of industrial chemicals used
in the basin and a chemical examination of industrial and municipal wastes.
NEED: ECOL 11-3
Development of Biological Screening Techniques for Harmful Organics in Waste
Waters
OBJECTIVE:
To develop a biological screening method as an indicator of the presance of
toxic compounds in complex effluents.
To, therefore, identify the causative components.
NEED: ECOL 11—4
Evaluation of the Effects of Dibenzofurans and Dibenzodioxins on Great Lakes
Biota
OBJECTIVE:
To identify and quantify the levels in the Great Lakes of dibenzofurans and
dibenzodioxins which are present in a number of industrial products, have high
potential for bioaccumulation, and, are extremely toxic.
To evaluate the potential deleterious effects of these compounds.
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NEED: ECOL ll—5
De
te
rm
in
at
io
n
of
th
e
Dx
pa
mi
cs
of
Po
te
nt
ia
ll
y
Da
ng
er
ou
s
Or
ga
ni
cs
in
th
e
Gr
ea
t
Lakes
OBJECTIVE:
To
de
te
rm
in
e
th
e
be
ha
vi
ou
r
of
po
te
nt
ia
ll
y
da
ng
er
ou
s
or
ga
ni
cs
in
th
e
Gr
ea
t
Lakes.
To
de
te
rm
in
e
tr
an
sp
or
t
me
ch
an
is
ms
,
br
ea
kd
ow
n
pr
od
uc
ts
an
d
ra
te
s,
bi
oa
cc
um
ul
a-
ti
on
le
ve
ls
,
an
d
ec
ol
og
ic
al
an
d
he
al
th
ef
fe
ct
s
of
da
ng
er
ou
s
or
ga
ni
cs
.
NEED: ECOL 11—6
Id
en
ti
fi
ca
ti
on
of
th
e
Co
mp
ou
nd
s
in
Pa
pe
r
an
d
Pu
lp
Mi
ll
Wa
st
es
Ca
us
in
g
Ta
in
te
d
Fish
OBJECTIVE:
To
id
en
ti
fy
wh
ic
h
co
mp
ou
nd
s
fr
om
pa
pe
r
an
d
pu
lp
mi
ll
wa
st
es
ca
us
e
ta
in
ti
ng
of
fi
sh
at
ce
rt
ai
n
Gr
ea
t
La
ke
s
lo
ca
ti
on
s.
To
de
ve
lo
p
an
d
ad
op
t
ap
pr
op
ri
at
e
tr
ea
tm
en
t
or
pr
ev
en
ti
ve
me
as
ur
es
.
IS
SU
E:
EC
OL
12
(E
SS
EN
TI
AL
)
PU
BL
IC
HE
AL
TH
HA
ZA
RD
OF
SE
WA
GE
PO
LL
UT
IO
N
ST
AT
EM
EN
T:
KN
OW
LE
DG
E
OF
TH
E
QU
AN
TI
TA
TI
VE
RE
LA
TI
ON
SH
IP
BE
TW
EE
N
DE
GR
EE
OF
SE
WA
GE
PO
LL
UT
IO
N
OF
WA
TE
R
AN
D
TH
E
IN
CI
DE
NC
E
OF
CO
MM
UN
IT
Y
IL
LN
ES
S
IS
AT
PR
ES
EN
T
LA
CK
IN
G.
TH
IS
IS
TR
UE
OF
BO
TH
PO
TA
BL
E
AN
D
RE
CR
EA
TI
ON
AL
WA
TE
RS
AN
D
OF
BO
TH
BACTERIAL AND VIRAL INFECTIONS.
IM
PO
RT
AN
CE
:
Al
l
re
qu
ir
em
en
ts
fe
r
se
wa
ge
co
ll
ec
ti
on
,
tr
ea
tm
en
t
an
d
di
sp
os
al
de
pe
nd
up
on
th
e
wa
te
r
qu
al
it
y
st
an
da
rd
s
se
t
by
la
w.
Th
e
es
ta
bl
is
hm
en
t
of
a
sc
ie
nt
if
ic
al
ly
de
fe
ns
ib
le
st
an
da
rd
de
pe
nd
s
wh
ol
ly
up
on
th
e
es
ta
bl
is
hm
en
t
of
a
cr
ed
ib
le
do
se
—r
es
po
ns
e
cu
rv
e
re
la
ti
ng
de
gr
ee
of
po
ll
ut
io
n
to
co
mm
un
it
y
il
ln
es
s.
NEED: ECOL 12—1
De
te
rm
in
at
io
n
of
Pu
bl
ic
He
al
th
Ef
fe
ct
s
OBJECTIVE:
To
de
te
rm
in
e
qu
an
ti
ta
ti
ve
re
la
ti
on
sh
ip
s
be
tw
ee
n
th
e
de
gr
ee
of
se
wa
ge
po
ll
ut
io
n
in
po
ta
bl
e
an
d
re
cr
ea
ti
on
al
wa
te
rs
an
d
th
e
in
ci
de
nc
e
of
co
mm
un
it
y
il
ln
es
s
by
epidemiological studies.
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 NEED: ECOL 12—2
Determination of Different Indicators of Sewage Pollution of Water
OBJECTIVE:
To establish additional or alternative indicators of pathogenic microbial
pollution to replace fecal coliform count as an indicator of contamination of
water by bacterial, viral and fungal pathogens.
NEED: ECOL 12-3
Establishment of Monitoring Techniques
OBJECTIVE:
To develop improved monitoring techniques for bacterial, viral and fungal
pathogens.
NEED: ECOL 12—4
Assessment of Non—Clinical Diseases
OBJECTIVE:
To conduct epidemiological surveys for systems of non-clinical disease associated
with body—contact recreationin Great Lakes waters.
NEED: ECOL 12—5
Assessment of Prevalence of Waterborne or Potentially Waterborne Disease
OBJECTIVE:
To develop and assess information on infectious dose, prevalence of infection
and immunity in the general population, and rate of excretion of infectious
agents for a variety of diseases, including those of lesser clinical signifi-
cance.
To use these data to predict the occurrence of public health risks at bathing
beaches as a function of bacteriological water quality.
ISSUE: ECOL l3 (ESSENTIAL)
GEOGRAPHIC RELATIONSHIP OF MORTALITY AND MORBIDITY T0 DRINKING WATER QUALITY
STATEMENT: SOME DISEASE STATES SUCH AS CARDIOVASCULAR DISEASE AND CANCER ARE
CORRELATED WITH DRINKING WATER QUALITY. RESEARCH ON THESE MATTERS IS HAMPERED
BY LACK OF UNIFORMITY AND CLARITY IN THE REPORTING PROCEDURES OF VARIOUS
DEPARTMENTS AND AGENCIES HANDLING EPIDEMIOLOGICAL DATA FOR SERIOUS DISEASE
STATES.
 IMP
ORT
ANC
E:
A b
ett
er
und
ers
tan
din
g o
f t
he
pos
sib
le
rel
ati
ons
hip
of
ser
iou
s
dis
eas
es
to
dri
nki
ng
wat
er
qua
lit
y c
oul
d h
elp
to
red
uce
the
inc
ide
nce
of
suc
h
dis
eas
es.
If
the
fac
t0r
(s)
con
nec
ted
wit
h w
ate
r q
ual
ity
cou
ld
be
def
ine
d f
or
dis
eas
e s
tat
es,
the
n s
tra
teg
ies
cou
ld
be
dev
elo
ped
to
con
tro
l t
hos
e f
act
ors
.
NEED: ECOL 13-1
Det
erm
ina
tio
n o
f t
he
Geo
gra
phi
c P
att
ern
of
Dis
eas
e i
n t
he
Gre
at
Lak
es
Bas
in
OBJECTIVE:
To
imp
rov
e t
he
rep
ort
ing
of
cer
tai
n d
ise
ase
s s
o t
hat
val
id
com
par
iso
ns
can
be
mad
e o
f t
he
inc
ide
nce
of
the
se
dis
eas
es
in
dif
fer
ent
are
as
of
the
Gre
at
Lak
es.
ISS
UE:
ECO
L l
4
(ES
SEN
TIA
L)
RELATIONSHIP OF CHEMICALS AND VIRUSES IN DRINKING WATER TO CANCER
STA
TEM
ENT
:
IT
APP
EAR
S T
HAT
UND
ER
NAT
URA
L L
AKE
CON
DIT
ION
S A
ND
IN
THE
LAB
ORA
TOR
Y,
POL
LUT
ANT
S A
ND
VIR
USE
S C
AN
ACT
TOG
ETH
ER
TO
CAU
SE
TUM
OUR
S I
N F
ISH
.
IT
IS
NOT
KNO
WN
WHE
THE
R T
HE
SAM
E O
R S
IMI
LAR
POL
LUT
ANT
S A
ND
VIR
USE
S C
AN
ACT
TOG
ETH
ER
TO
CAU
SE
TUM
OUR
S I
N M
AMM
ALS
.
IF
SUC
H I
NTE
R-R
ELA
TIO
NSH
IPS
ARE
FOU
ND
THE
RE
WOU
LD
BE IMPLICATIONS FOR DRINKING WATER QUALITY.
IMPO
RTAN
CE:
Beca
use
canc
er i
s a
majo
r ca
use
of d
eath
and
disa
bili
ty,
it h
as
important social and economic consequences.
NEED: ECOL 14-1
Definition of the Interaction of Chemical Pollutants and Viruses
OBJECTJVE:
To i
nves
tiga
te t
he p
ossi
ble
inte
r-re
lati
onsh
ips
of c
hemi
cal
poll
utan
ts a
nd
viruses in the production of cancer by use of animal studies.
ISSUE: ECOL 15 (ESSENTIAL)
ST. L
OUIS
ENCEP
HALIT
IS:
RESER
VOIRS
, VE
CTORS
, PR
EDICT
ION A
ND C
ONTRO
L STR
ATEGI
ES
STATEMENT: ST. LOUIS ENCEPHALITIS, NOW ENDEMIC ALONG THE UNITED STATES—
CANADIAN BORDER, IS HARBORED BY BIRDS AND OTHER WILDLIFE AND TRANSMITTED TO
MAN
BY MO
SQUIT
OES,
LARGE
LY 0R
EXCLU
SIVEL
Y THE
MARSH
BREED
ING S
PECIE
S.
RESEA
RCH
INTO RESERVOIRS AND VECTORS WOULD HELP PREDICT THE DANGER 0F INFECTION AND
HELP PLAN COUNTER MEASURES. THE ROLE OF WETLANDS AND WATER LEVELS IN THE
INCREASE IN THE NUMBER OF MOSQUITOES IS UNCLEAR. THE EFFECTIVENESS AND EFFECTS
OF CONTROL MEASURES ON WATER QUALITY HAVE NOT BEEN EVALUATED.
IMPORTANCE: Mosquito-borne encephalitis can cause death and pennanent brain
damage, particularly in children. The cost of vector control is great and the
control methods may have a major impact on the ecology of the area. The
disease may reach epidemic proportions again in coming years.
30
NEED: ECOL 15—1
Pre
dic
tio
n
and
Con
tro
l
of
St.
Lou
is
Enc
eph
ali
tis
OBJECTIVE:
To
de
te
rm
in
e
an
d
ev
al
ua
te
th
e
pa
rt
pl
ay
ed
by
bi
rd
s
an
d
ot
he
r
wi
ld
li
fe
in
the
outbreaks of disease.
To
de
te
rm
in
e
th
e
mo
st
ef
fe
ct
iv
e
mo
sq
ui
to
an
d
bi
rd
po
pu
la
ti
on
co
nt
ro
l
st
ra
te
gi
es
whi
ch
min
imi
ze
the
har
mfu
l
eco
log
ica
l
eff
ect
s.
To
de
ve
lo
p
a
va
cc
in
e
or
ot
he
r
th
er
ap
eu
ti
c
ag
en
t
fo
r
th
e
co
nt
ro
l
of
St
.
Lo
ui
s
en
ce
ph
al
it
is
in
hu
ma
ns
fo
r
im
pr
ov
ed
ma
na
ge
me
nt
of
St
.
Lo
ui
s
en
ce
ph
al
it
is
cases.
To
de
ve
lo
p
im
pr
ov
ed
me
th
od
ol
og
y
of
te
st
s
fo
r
St
.
Lo
ui
s
en
ce
ph
al
it
is
in
hu
ma
ns
and wildlife.
IS
SU
E:
EC
OL
l6
(E
SS
EN
TI
AL
)
OP
TI
MA
L
ST
RA
TE
GY
FO
R
MA
NA
GE
ME
NT
AN
D
RE
HA
BI
LI
TA
TI
ON
OF
FI
SH
PR
OD
UC
TI
ON
SY
ST
EM
S
ST
AT
EM
EN
T:
FI
SH
PR
OD
UC
TI
ON
SY
ST
EM
S
AR
E
SE
NS
IT
IV
E
TO
A
VA
RI
ET
Y
OF
WA
TE
R
QU
AL
IT
Y
PA
RA
ME
TE
RS
SU
CH
AS
EU
TR
OP
HI
CA
TI
ON
AN
D
OR
GA
NO
CH
LO
RI
NE
-C
ON
TA
MI
NA
NT
S.
TH
E
RE
SP
ON
SE
S
TH
EM
SE
LV
ES
SE
RV
E
AS
IN
DI
CA
TO
RS
OF
TH
E
ST
RE
SS
ES
.
TH
E
UN
DE
RL
YI
NG
PR
OC
ES
SE
S
AR
E
NO
T
CL
EA
RL
Y
UN
DE
RS
TO
OD
.
TH
ER
EF
OR
E
RE
ST
RU
CT
UR
IN
G
AN
D
SU
ST
AI
NE
D
MA
NA
GE
ME
NT
OF
THE FISHERIES RESOURCES IS HAMPERED.
IM
PO
RT
AN
CE
:
A
pr
od
uc
ti
ve
Gr
ea
t
La
ke
s
fi
sh
er
y
re
so
ur
ce
re
qu
ir
es
th
at
ad
ve
rs
e
wa
te
r
qu
al
it
y
ef
fe
ct
s
be
mi
ni
mi
ze
d.
Th
is
re
so
ur
ce
is
an
ae
st
he
ti
c,
ec
on
om
ic
an
d
eo
ol
og
ic
re
so
ur
ce
to
th
e
ge
ne
ra
l
pu
bl
ic
,
co
mm
er
ci
al
an
d
sp
or
t
fi
sh
er
me
n.
Ef
fo
rt
s
to
su
st
ai
n
an
d
to
re
vi
ta
li
ze
th
e
re
so
ur
ce
ar
e
je
op
ar
di
ze
d
wh
en
th
e
processes of the resource are unclear.
NEED: ECOL 16-1
Preservation of Endangered Genetic Varieties
OBJECTIVE:
To
id
en
ti
fy
an
d
pr
ot
ec
t
im
po
rt
an
t
ge
ne
ti
c
po
ol
s
re
qu
ir
in
g
pr
es
er
va
ti
on
fo
r
potential use in community rehabilitation.
NEED: ECOL 16-2
De
ve
lo
pm
en
t
of
Co
mm
un
it
y
St
re
ss
In
di
ca
to
rs
De
ve
lo
pi
nn
ge
ne
ra
li
ze
d
Me
as
ur
es
of Stress on Biological Communities
OBJECTIVE:
To provide usefulassessment of control programs.
To
in
ve
st
ig
at
e
me
an
bo
dy
si
ze
in
co
mm
un
it
y,
an
d
co
mm
un
it
y
si
ze
di
st
ri
bu
ti
on
as
potential stress indices.
 
 NEED: ECOL 16—3
D
e
t
e
r
m
i
n
a
t
i
o
n
of
F
un
c
t
i
o
n
a
l
Ba
si
sw
of
C
o
m
m
un
i
t
y
Si
ze
S
t
r
uc
t
ur
e
 
OBJECTIVE:
To
in
ve
st
ig
at
e
th
e
ro
le
of
pr
ed
at
or
—p
re
y
in
te
ra
ct
io
ns
,
in
cl
ud
in
g
fi
sh
er
y
e
xp
l
o
i
t
a
t
i
o
n
,
in
d
e
t
e
r
m
i
n
i
n
g
c
o
m
m
un
i
t
y
si
ze
s
t
r
uc
t
ur
e
an
d
t
yp
o
l
o
g
i
c
a
l
c
o
m
p
o
s
i
—
tion.
To
in
ve
st
ig
at
e
a
co
nt
ro
l
ra
ti
on
al
e
fo
r
th
e
in
tr
od
uc
ti
on
of
ex
ot
ic
sp
ec
ie
s.
To
de
ve
lo
p
an
un
de
rs
ta
nd
in
g
of
pe
rm
is
sa
bl
e
sp
ec
ie
s
co
mp
os
it
io
ns
fo
r
re
ha
bi
li
ta
-
tion of stable fisheries.
NEED: ECOL 16—4
De
te
rm
in
at
io
n
of
Re
si
li
en
ce
of
Fi
sh
Pr
od
uc
ti
on
Sy
st
em
s
to
Im
pr
es
se
d
St
re
ss
OBJECTIVE:
To
in
ve
st
ig
at
e
th
e
ro
le
of
sc
al
e—
de
pe
nd
en
t
ph
ys
ic
al
st
ru
ct
ur
es
an
d
pr
oc
es
se
s
in
su
pp
or
ti
ng
th
e
sy
st
em
di
ve
rs
it
ie
s
an
d
he
te
ro
ge
ne
it
ie
s
wh
ic
h
un
de
rl
y
pe
rs
is
—
te
nc
e
of
th
e
co
mm
un
it
y
un
de
r
st
re
ss
.
NEED: ECOL 16-5
De
te
rm
in
at
io
n
of
th
e
Ro
le
of
Fi
sh
St
oc
ks
in
Of
fs
ho
re
Tr
an
sp
or
t
OBJECTIVE:
To
de
te
rm
in
e
ne
t
co
nt
ri
bu
ti
on
of
mi
gr
at
or
y
st
oc
ks
to
of
fs
ho
re
cy
cl
in
g
of
en
er
gy
,
nu
tr
ie
nt
s
an
d
co
nt
am
in
an
ts
.
NEED: ECOL 16—6
De
te
rm
in
at
io
n
of
Fi
sh
Pa
ra
si
te
Bu
rd
en
s
to
Wa
te
r
Qu
al
it
y
Pa
ra
me
te
rs
OBJECTIVE:
To
de
te
rm
in
e
th
e
ro
le
of
eu
tr
op
hi
ca
ti
on
in
ca
us
in
g
ob
sc
ur
ed
ch
an
ge
s
in
fi
sh
pa
ra
si
te
sp
ec
ie
s
co
mp
os
it
io
n
an
d
ab
un
da
nc
e
in
th
e
Gr
ea
t
La
ke
s.
IS
SU
E:
EC
OL
l7
(E
SS
EN
TI
AL
)
EF
FE
CT
IV
EN
ES
S
OF
SE
WA
GE
TR
EA
TM
EN
T
ON
BA
CT
ER
IA
AN
D
VI
RU
SE
S
ST
AT
EM
EN
T:
SE
WA
GE
TR
EA
TM
EN
T
PR
OC
ED
UR
ES
RE
MO
VE
LA
RG
E
AM
OU
NT
S
OF
,
BU
T
NO
T
AL
L,
VI
RA
L
AN
D
BA
CT
ER
IA
L
PA
TH
OG
EN
S.
FU
RT
HE
RM
OR
E,
CU
RR
EN
T
DI
SI
NF
EC
TI
ON
PR
AC
TI
CE
S
DO
NO
T
CO
MP
LE
TE
LY
DE
VI
TA
LI
ZE
AL
L
MI
CR
OB
IA
L
AG
EN
TS
PR
ES
EN
T.
SE
WA
GE
AN
D
WA
TE
R
TR
EA
TM
EN
T
FA
CI
LI
TI
ES
AR
E
NO
T
MO
NI
TO
RE
D
FO
R
VI
RU
S
RE
MO
VA
L
AN
D
IN
AC
TI
VA
TI
ON
.
IN
AD
DI
TI
ON
,
PR
ES
EN
T
IN
DI
CA
TO
R
SY
ST
EM
S
OF
WA
TE
R
PO
LL
UT
IO
N
AR
E
IN
AD
EQ
UA
TE
T0
ES
TI
MA
TE
OR
FO
RE
WA
RN
PO
TE
NT
IA
L
HE
AL
TH
HA
ZA
RD
S.
PA
RT
OF
TH
E
VI
RU
SE
S
DI
SC
HA
RG
ED
IN
SE
WA
GE
SU
RV
IV
E
TR
EA
TM
EN
T
AN
D
DI
SI
NF
EC
TI
ON
PR
OC
ES
SE
S.
LA
RG
E
AM
OU
NT
S
OF
VI
RU
SE
S
AR
E
TH
US
PR
ES
EN
T
IN
WA
ST
EW
AT
ER
S
0R
AR
E
AS
SO
CI
AT
ED
WI
TH
SO
LI
DS
AT
LEVELS INFECTIVE TO MAN.
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 IMP
ORT
ANC
E:
Inc
rea
sin
g d
ema
nd
on
wat
er
con
sum
pti
on
and
pot
ent
ial
rec
ycl
ing
mak
e i
t e
sse
nti
al
to
red
uce
the
amo
unt
of
pat
hog
ens
dis
cha
rge
d i
nto
wat
er
bod
ies
.
Eff
ect
ive
dec
ont
ami
nat
ion
wou
ld
red
uce
the
pro
ble
ms
of
sub
seq
uen
t
wat
er
tre
atm
ent
ess
ent
ial
to
mee
t h
eal
th
req
uir
eme
nts
.
The
re
are
eco
nom
ic
implications due to potential disease capabilities.
NEED: ECOL 17-1
Imp
rov
eme
nt
of
Pre
sen
t T
ech
niq
ues
or
Dev
elo
pme
nt
of
New
or
Add
iti
ona
l T
ech
niq
ues
for Sewage Treatment
 
OBJECTIVE:
To
imp
rov
e
pre
sen
t te
chn
iqu
es
and
to
dev
elo
p a
nd
inv
est
iga
te
new
or
add
iti
ona
l
sewage treatment techniques.
To
inc
rea
se
eff
ici
enc
y o
f e
lim
ina
tio
n o
f c
ert
ain
bac
ter
ial
and
vir
al
pat
hog
ens
.
NEED: ECOL 17—2
Improvement of Control of Viruses in Sludge
OBJECTIVE:
To
mea
sur
e q
uan
tit
ati
vel
y v
iru
s
rec
ove
ry
fro
m s
oli
ds
and
to
mon
ito
r r
eco
ver
y
of infectivity.
To
reg
ula
te
the
vir
al
con
ten
t o
f s
lud
ge
and
spr
ay
irr
iga
tio
n w
ate
r b
efo
re
allowing their use.
NEED: ECOL 17-3
Cla
rif
ica
tio
n o
f R
ela
tio
nsh
ips
of
Spr
ay
Irr
iga
tio
n a
nd
Lan
d A
ppl
ica
tio
n o
f
Sludge to Incidence of Infections
OBJECTIVE:
To
mea
sur
e t
he
ext
ent
of
vir
al
con
ten
t o
f s
lud
ge
and
spr
aye
d w
ate
r.
To
mon
ito
r t
he
inc
ide
nce
of
rel
eva
nt
vir
al
inf
ect
ion
s i
n t
he
com
mun
iti
es
applying sludge to land and using spray irrigation.
To determine the potential hazards to human health.
NEED: ECOL 17-4
Determination of the Movement of Viruses Through Soil
OBJECTIVE:
To
ass
ess
the
mov
eme
nt
of
var
iou
s v
iru
ses
pre
sen
t i
n t
he
slu
dge
, s
pra
y
irri
gati
on w
ater
and
anim
al w
aste
thro
ugh
soil
and
to i
dent
ify
effe
cts
such
movement may have on their survival as they attach to soil "solids".
To
pre
ven
t v
iru
ses
fro
m r
eac
hin
g t
he
wat
er
tab
le
in
com
mun
iti
es
dep
end
ent
on
ground water for water supply by design and implementation of controls.
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NEED: ECOL 17-5
D
e
t
e
r
m
i
n
a
t
i
o
n
o
f
t
h
e
R
i
s
k
o
f
C
o
n
t
a
m
i
n
a
t
i
o
n
o
f
P
r
o
d
u
c
e
C
r
o
w
n
o
n
S
o
i
l
s
P
o
l
l
u
t
e
d
with Virusgg
OBJECTIVE:
T
o
a
s
s
e
s
s
q
u
a
n
t
i
t
a
t
i
v
e
l
y
t
h
e
e
x
t
r
i
n
s
i
c
a
n
d
i
n
t
r
i
n
s
i
c
v
i
r
a
l
c
o
n
t
e
n
t
o
f
p
r
o
d
u
c
e
g
r
o
w
n
i
n
m
o
d
e
l
s
o
f
s
o
i
l
s
e
e
d
e
d
w
i
t
h
k
n
o
w
n
q
u
a
n
t
i
t
i
e
s
o
f
v
i
r
u
s
e
s
t
h
a
t
u
s
u
a
l
l
y
infect animals or man.
To
m
i
n
i
m
i
z
e
r
i
s
k
s
to
c
o
n
s
u
m
e
r
s
.
NEED: ECOL 17-6
I
m
p
r
o
v
e
m
e
n
t
o
f
M
e
t
h
o
d
s
f
o
r
t
h
e
S
a
m
p
l
i
n
g
,
E
n
u
m
e
r
a
t
i
o
n
a
n
d
I
d
e
n
t
i
f
i
c
a
t
i
o
n
o
f
Viruses
OBJECTIVE:
T
o
m
i
n
i
m
i
z
e
d
i
f
f
i
c
u
l
t
y
i
n
s
a
m
p
l
i
n
g
,
e
n
u
m
e
r
a
t
i
n
g
a
n
d
i
d
e
n
t
i
f
y
i
n
g
v
i
r
u
s
e
s
i
n
wa
t
e
r
by
d
e
v
e
l
o
p
i
n
g
b
e
t
t
e
r
m
e
t
h
o
d
s
.
I
S
S
U
E
:
E
C
O
L
1
8
(
E
S
S
E
N
T
I
A
L
)
S
Y
S
T
E
M
S
T
R
E
S
S
A
N
D
R
E
C
O
V
E
R
Y
S
T
A
T
E
M
E
N
T
:
T
H
E
A
S
S
U
M
P
T
I
O
N
B
E
H
I
N
D
M
O
S
T
P
O
L
L
U
T
I
O
N
A
B
A
T
E
M
E
N
T
P
R
O
G
R
A
M
S
I
S
T
H
A
T
O
N
C
E
T
H
E
E
N
V
I
R
O
N
M
E
N
T
A
L
S
T
R
E
S
S
I
S
R
E
M
O
V
E
D
T
H
E
S
Y
S
T
E
M
W
I
L
L
R
E
T
U
R
N
T
O
A
P
R
E
-
P
O
L
L
U
T
I
O
N
A
L
C
O
N
D
I
T
I
O
N
.
F
I
S
H
E
R
Y
M
A
N
A
G
E
M
E
N
T
H
A
S
A
S
A
G
O
A
L
,
R
E
—
E
S
T
A
B
L
I
S
H
M
E
N
T
O
F
S
P
E
C
I
E
S
A
S
S
O
C
I
A
T
I
O
N
S
T
H
A
T
E
X
I
S
T
E
D
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
P
R
I
O
R
T
O
T
H
E
1
9
3
0
'
s
.
W
A
T
E
R
Q
U
A
L
I
T
Y
C
R
I
T
E
R
I
A
F
O
R
A
Q
U
A
T
I
C
B
I
O
T
A
H
A
V
E
U
S
U
A
L
L
Y
B
E
E
N
D
E
V
E
L
O
P
E
D
U
S
I
N
G
T
H
E
A
S
S
U
M
P
T
I
O
N
0
F
R
E
V
E
R
S
I
N
G
T
H
E
T
R
E
N
D
O
F
D
E
T
E
R
I
O
R
A
T
I
O
N
.
H
O
W
E
V
E
R
,
I
T
I
S
N
O
T
C
L
E
A
R
H
O
W
F
A
R
A
S
Y
S
T
E
M
C
A
N
B
E
S
T
R
E
S
S
E
D
A
N
D
S
T
I
L
L
B
E
C
A
P
A
B
L
E
O
F
R
E
C
O
V
E
R
Y
.
I
M
P
O
R
T
A
N
C
E
:
D
e
t
e
r
i
o
r
a
t
i
n
g
w
a
t
e
r
q
u
a
l
i
t
y
e
v
e
n
t
u
a
l
l
y
l
e
a
d
s
t
o
s
h
i
f
t
s
i
n
r
e
l
a
t
i
v
e
i
m
p
o
r
t
a
n
c
e
o
f
s
p
e
c
i
e
s
p
o
p
u
l
a
t
i
o
n
s
i
n
t
h
e
c
o
m
m
u
n
i
t
i
e
s
;
i
n
s
t
a
b
i
l
i
t
y
o
f
p
o
p
u
l
a
t
i
o
n
s
r
e
s
u
l
t
;
t
a
x
a
a
n
d
g
e
n
e
p
o
o
l
s
m
a
y
b
e
lo
st
,
a
n
d
t
h
e
o
v
e
r
a
l
l
q
u
a
l
i
t
y
a
n
d
u
s
e
f
u
l
-
n
e
s
s
o
f
t
h
e
e
c
o
s
y
s
t
e
m
d
e
t
e
r
i
o
r
a
t
e
s
.
T
h
e
s
e
c
h
a
n
g
e
s
l
e
a
d
t
o
l
o
s
s
o
f
r
e
v
e
n
u
e
i
n
c
o
m
m
e
r
c
i
a
l
e
n
t
e
r
p
r
i
s
e
s
f
r
o
m
u
n
s
t
a
b
l
e
f
i
s
h
p
o
p
u
l
a
t
i
o
n
s
,
i
n
c
r
e
a
s
e
d
c
o
s
t
o
f
w
a
t
e
r
t
r
e
a
t
m
e
n
t
,
c
o
n
f
l
i
c
t
s
o
v
e
r
d
e
c
r
e
a
s
e
d
r
e
s
o
u
r
c
e
s
,
i
n
c
r
e
a
s
e
d
c
o
s
t
s
o
f
g
e
a
r
i
n
g
-
u
p
t
o
u
t
i
l
i
z
e
c
h
a
n
g
i
n
g
s
t
o
c
k
s
,
a
n
d
d
e
t
e
r
i
o
r
a
t
i
o
n
i
n
t
h
e
a
e
s
t
h
e
t
i
c
a
n
d
r
e
c
r
e
a
t
i
o
n
a
l
v
a
l
u
e
o
f
t
h
e
r
e
s
o
u
r
c
e
.
T
h
e
c
o
s
t
s
o
f
r
e
g
a
i
n
i
n
g
a
n
e
c
o
s
y
s
t
e
m
v
e
r
s
u
s
p
r
e
s
e
r
v
i
n
g
it
ar
e
m
a
j
o
r
s
o
c
i
a
l
a
n
d
e
c
o
n
o
m
i
c
c
o
n
s
i
d
e
r
a
t
i
o
n
s
.
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 NEED: ECOL 18-1
De
te
rm
in
at
io
n
of
th
e
In
te
ra
ct
io
n
Be
tw
ee
n
th
e
Bi
ot
a
an
d
th
e
Se
di
me
nt
ar
y
En
vi
ro
nm
en
t
OBJECTIVE:
To
de
te
rm
in
e
th
e
ef
fe
ct
of
ph
ys
ic
al
,
ch
em
ic
al
,
an
d
bi
ol
og
ic
al
co
nd
it
io
ns
of
se
di
me
nt
s
on
th
e
bi
ot
a
an
d
th
e
in
fl
ue
nc
e
of
th
e
bi
ot
a
on
th
is
en
vi
ro
nm
en
t.
To
de
te
rm
in
e
th
e
im
po
rt
an
ce
of
ex
ch
an
ge
be
tw
ee
n
se
di
me
nt
s
an
d
th
e
ov
er
ly
in
g
wa
te
rs
on
co
nc
en
tr
at
io
n
of
di
ss
ol
ve
d
ga
se
s,
nu
tr
ie
nt
s,
an
d
co
nt
am
in
an
ts
.
To
id
en
ti
fy
fa
ct
or
s
wh
ic
h
de
te
rm
in
e
th
e
di
st
ri
bu
ti
on
of
be
nt
hi
c
or
ga
ni
sm
s
an
d
th
at
ma
ke
th
e
se
di
me
nt
ar
y
en
vi
ro
nm
en
t
su
it
ab
le
fo
r
fi
sh
sp
aw
ni
ng
an
d
su
rv
iv
al
of fry.
NEED: ECOL 18—2
Ev
al
ua
ti
on
of
Re
qu
ir
em
en
ts
of
Na
ti
ve
An
im
al
s
an
d
Pl
an
ts
fo
r
Pu
rp
os
es
of
Protection and Reintroduction
OBJECTIVE:
To
de
te
rm
in
e
th
e
en
vi
ro
nm
en
ta
l
re
qu
ir
em
en
ts
of
re
ac
ti
ve
st
oc
ks
wh
ic
h
ar
e
pr
op
os
ed
fo
r
re
—e
st
ab
li
sh
me
nt
,
in
cl
ud
in
g
fo
od
ba
se
av
ai
la
bl
e,
co
nd
it
io
ns
fa
vo
ri
ng
ma
jo
r
pr
ed
at
or
s,
co
mp
et
it
or
s,
co
nt
am
in
an
ts
,
pa
ra
si
te
s
an
d
di
se
as
es
.
To
de
te
rm
in
e
wh
ic
h
st
oc
ks
wi
ll
be
ge
ne
ti
ca
ll
y
su
it
ab
le
fo
r
re
in
tr
od
uc
ti
on
an
d
how their suitability is determined.
NEED: ECOL 18-3
De
te
rm
in
at
io
n
of
th
e
Ef
fe
ct
of
In
cr
em
en
ta
l
Lo
ss
of
Sp
ec
ie
s
Po
pu
la
ti
on
s
OBJECTIVE:
To
de
te
rm
in
e
th
e
im
po
rt
an
ce
of
in
cr
em
en
ta
l
lo
ss
of
sp
ec
ie
s
po
pu
la
ti
on
s
to
th
e
eventual recovery of a degraded ecosystem.
NEED: ECOL 18—4
Id
en
ti
fi
ca
ti
on
of
Na
tu
ra
l
Ra
te
s
of
Ch
an
ge
Re
la
ti
ve
to
Ma
n-
In
du
ce
d
Ch
an
ge
OBJECTIVE:
To
de
te
rm
in
e
th
e
na
tu
ra
l
ra
te
of
en
vi
ro
nm
en
ta
l
ch
an
ge
in
or
de
r
to
es
ta
bl
is
h
what
woul
d be
real
isti
c go
als
for
envi
ronm
enta
l qu
alit
y an
d re
-est
abli
Shme
nt
of species populations.
NEED: ECOL 18-5
Id
en
ti
fi
ca
ti
on
of
Li
mi
ts
of
Wa
te
r
Qu
al
it
y
Co
mp
on
en
ts
on
Bi
ot
a
OBJECTIVE:
To
de
te
rm
in
e
th
e
up
pe
r
an
d
lo
we
r
li
mi
ts
of
wa
te
r
qu
al
it
y
pa
ra
me
te
rs
th
at
pr
od
uc
e
le
th
al
,
ad
ve
rs
e
su
bl
et
ha
l
or
ch
ro
ni
c
ef
fe
ct
s
on
na
ti
ve
an
d
ex
ot
ic
components of aquatic communities in the Great Lakes.
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 NEED: ECOL 18—6
De
te
rm
in
at
io
n
of
th
e
Ef
fe
ct
s
on
th
e
Ec
os
ys
te
m
of
Ha
rv
es
ti
ng
Fi
sh
OBJECTIVE:
To
ev
al
ua
te
th
e
im
po
rt
an
ce
of
ha
rv
es
ti
ng
as
an
en
vi
ro
nm
en
ta
l
st
re
ss
an
d/
or
as
a tool for recovery of a system.
IS
SU
E:
EC
OL
l9
(N
EC
ES
SA
RY
)
PR
EV
AL
EN
CE
OF
SU
BC
LI
NI
CA
L
DI
SE
AS
E
DU
E
TO
WA
TE
RB
OR
NE
VI
RU
SE
S
AN
D
BA
CT
ER
IA
ST
AT
EM
EN
T:
VI
RU
SE
S
AN
D
BA
CT
ER
IA
IN
WA
TE
R
(R
EC
RE
AT
IO
NA
L
AN
D
DR
IN
KI
NG
)
CA
N
CA
US
E
SP
EC
IF
IC
DI
SE
AS
ES
,
BU
T
FO
R
EV
ER
Y
CA
SE
SO
DI
AG
NO
SE
D
TH
ER
E
AR
E
MA
NY
PE
R-
SO
NS
WH
O
MA
Y
SU
FF
ER
ON
LY
SO
ME
MI
NO
R
DI
SC
OM
FO
RT
.
TH
E
MA
GN
IT
UD
E
OF
TH
IS
PR
OB
LE
M
IS
NO
T
KN
OW
N,
BU
T
IN
SE
TT
IN
G
ST
AN
DA
RD
S
FO
R
TH
E
VI
RA
L
OR
BA
CT
ER
IA
L
CO
NT
EN
T
OF
WA
TE
R,
IT
IS
IM
PO
RT
AN
T
TO
TR
Y
TO
RE
LA
TE
TH
E
DO
SE
OF
VI
RU
S
OR
BA
CT
ER
IA
TO
TH
E
EX
TE
NT
OF
IL
L
HE
AL
TH
IT
MA
Y
PR
OD
UC
E.
IM
PO
RT
AN
CE
:
Sh
or
t-
te
rm
(1
—3
da
ys
)
il
ln
es
s
is
a
ma
jo
r
ca
us
e
of
di
sc
om
fo
rt
an
d
lost time from work.
NEED: ECOL l9-l
De
te
rm
in
at
io
n
of
Sp
at
ia
l
Va
ri
at
io
n
of
Su
bc
li
ni
ca
l
Hu
ma
n
Di
se
as
e
OBJECTIVE:
To
de
te
rm
in
e
th
e
pr
ev
al
en
ce
an
d
ge
og
ra
ph
ic
va
ri
at
io
n
of
Su
bc
li
ni
ca
l
st
at
es
of
di
se
as
e
su
ch
as
di
ar
rh
oe
a
th
at
mi
gh
t
be
of
vi
ra
l
or
ba
ct
er
ia
l
or
ig
in
us
in
g
survey techniques.
NEED: ECOL 19-2
De
te
rm
in
at
io
n
of
th
e
Va
ri
ab
il
it
y
of
Vi
ru
s
St
ra
in
s
in
Se
wa
ge
OBJECTIVE:
To
id
en
ti
fy
th
e
vi
ru
s
st
ra
in
s
pr
es
en
t
in
se
wa
ge
an
d
fo
ll
ow
ch
an
ge
s
in
th
e
vi
ra
l
po
pu
la
ti
on
ov
er
ti
me
an
d
at
di
ff
er
en
t
ge
og
ra
ph
ic
si
te
s.
To
co
rr
el
at
e
su
bc
li
ni
ca
l
di
se
as
e
pr
ev
al
en
ce
wi
th
vi
ra
l
pr
es
en
ce
.
NEED: ECOL 19-3
De
te
rm
in
at
io
n
of
th
e
Si
gn
if
ic
an
ce
of
Cl
in
ic
al
Da
ta
OBJECTIVE:
To
de
te
rm
in
e
wh
et
he
r
th
e
da
ta
ge
ne
ra
te
d
by
cl
in
ic
al
la
bo
ra
to
ri
es
sh
ou
ld
be
us
ed
fo
r
mo
ni
to
ri
ng
th
e
he
al
th
st
at
us
of
co
mm
un
it
ie
s
an
d
fo
r
co
mp
ar
in
g
on
e
area with another.
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 NEED: ECOL 19-4
Development of Subclinical Human Disease Data
OBJECTIVE:
To develop information on the health of persons living along water distribu—
tion systems at varying distances from the treatment plant and of people
living at varying distances downstream from a sewage outfall where their water
supply comes from the river.
To d
eter
mine
the
rela
tion
ship
of s
ubcl
inic
al d
isea
se o
ccur
renc
e to
the
stat
us
of drinking water supply.
ISSU
E:
ECOL
20
(NEC
ESSA
RY)
HALOGENATED PESTICIDES
 
STATEMENT: HALOGENATED PESTICIDES, PARTICULARLY CHLORINATED HYDROCARBON
PESTICIDES, HAVE BEEN EXTENSIVELY USED DURING THE PAST 30 YEARS. SEVERAL OF
THES
E PE
STIC
IDES
SUCH
AS D
DT A
ND D
IELD
RIN
HAVE
BEEN
IDEN
TIFI
ED I
N VI
RTUA
LLY
EVER
Y CO
MPON
ENT
OF T
HE A
QUAT
IC
ENVI
RONM
ENT.
MOST
HALO
GENA
TED
PEST
ICID
ES A
RE
HIGH
LY T
OXIC
PERS
ISTE
NT M
ATER
IALS
THAT
BIOM
AGNI
FY.
ALTH
OUGH
THE
USE
OF D
DT,
ALDR
IN,
AND
DIEL
DRIN
HAS
BEEN
BANN
ED I
N TH
E U.
S. A
ND P
ARTS
OF C
ANAD
A,
THEI
R
USE
CONT
INUE
S IN
SOME
AREA
S OF
NORT
H AM
ERIC
A AN
D TH
E WO
RLD.
IN A
DDIT
ION,
SEVE
RAL
OTHE
R CH
LORI
NATE
D PE
STIC
IDES
SUCH
AS C
HLOR
DANE
, L
INDA
NE,
METH
OXYC
HLOR
,
HEXA
CHLO
ROBE
NZEN
E, A
ND H
EPTA
CHLO
R AR
E ST
ILL
WIDE
LY U
SED
AND
MANY
OF T
HEM
HAVE
BEEN IDENTIFIED IN GREAT LAKES FISHES.
IMPO
RTAN
CE:
DDT
and
diel
drin
have
hist
oric
ally
affe
cted
the
comm
erci
al
util
izat
ion
of G
reat
Lake
s fi
shes
and
the
surv
ival
of f
ish
eati
ng b
irds
.
It
is a
lso
anti
cipa
ted
that
the
use
of o
ther
halo
gena
ted
pest
icid
es m
ay i
ncre
ase
as the uses of the more common chlorinated pesticides are phased out. The
known persistence, toxicity, and frequent carcinogenicity of this group of
pest
icid
es a
nd t
heir
pres
ence
in t
he G
reat
Lake
s ma
ke t
hem
a po
tent
ial
thre
at
to the fish and wildlife and their consumers.
NEED: ECOL 20—1
Determination of the Effects of Halogenated Pesticides on the Biota
OBJECTIVE:
To determine the effect levels of halogenated pesticides on sensitive organ-
isms and their populations.
NEED: ECOL 20-2
Identification of Sources of Halogenated Pesticides to the Great Lakes
OBJECTIVE:
To determine the tributary and atmospheric sources of pesticides that have
been identified as present or potential threats for the Great Lakes.
To quantify the inputs from each source.
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 NEED: ECOL 20—3
Det
erm
ina
tio
n o
f H
alo
gen
ate
d P
est
ici
de
Con
tam
ina
tio
n L
eve
ls
  
OBJECTIVE:
To
est
abl
ish
the
cur
ren
t l
eve
ls
of
hal
oge
nat
ed
pes
tic
ide
s i
n k
ey
bio
log
ica
l
indicators and evaluate trends with time.
NEED: ECOL 20-4
Improvement of Analytical Methodology
OBJECTIVE:
To
dev
elo
p i
mpr
ove
d a
nal
yti
cal
met
hod
olo
gy
whi
ch
wil
l h
ave
inc
rea
sed
sen
sit
ivi
ty
and
acc
ura
cy
for
rou
tin
ely
det
erm
ini
ng
man
y o
f t
he
num
ero
us
hal
oge
nat
ed
pes
ti—
cid
es
and
the
ir
der
iva
tiv
es
bel
iev
ed
to
be
pre
sen
t i
n t
he
wat
er
and
bio
ta
of
the Great Lakes.
To
det
erm
ine
the
lev
el
of
con
tam
ina
tio
n p
res
ent
and
ass
ist
in
the
eva
lua
tio
n
of the significance of the levels.
NEED: ECOL 20—5
Det
erm
ina
tio
n o
f t
he
Che
mic
al
Fat
e,
Tra
nsf
orm
ati
on,
and
Deg
rad
ati
on
of
Halogenated Pesticides
OBJECTIVE:
To
det
erm
ine
in
the
lab
ora
tor
y t
he
che
mic
al
sta
bil
ity
and
bre
akd
own
cha
rac
ter
—
isti
cs o
f ha
loge
nate
d pe
stic
ides
whic
h po
se a
resi
due
thre
at i
n th
e en
viro
nmen
t.
NEED: ECOL 20—6
Environmental Dynamics of Halogenated Pesticides
OBJECTIVE:
To d
eter
mine
in
situ
the
sedi
ment
and
part
icul
ate
sequ
este
ring
and
exch
ange
mech
anis
ms o
f ha
loge
nate
d pe
stic
ides
of k
nown
conc
ern
in t
he G
reat
Lake
s.
ISSU
E:
ECOL
21
(NEC
ESSA
RY)
REQUIREMENTS FOR ECOLOGIC UNDERSTANDING TO FORMULATE WATER QUALITY GOALS
STATEMENT: WITHOUT KNOWING THE DIRECT AND INDIRECT RESPONSES TO CULTURAL
STRE
SSES
AND
THE
INFL
UENC
ES W
HICH
LEVE
LS O
F WA
TER
QUAL
ITY
COMP
ONEN
TS H
AVE
ON
BIOTA, IT IS NOT PRACTICAL OR POSSIBLE TO DEFINE WATER QUALITY OBJECTIVES
REQUIRED TO MAINTAIN, RESTORE OR REDUCE TAXA.
IMPORTANCE: It is necessary to understand the environmental interactions and
requirements of taxa, to define alternative community structuresas a basis
for evaluating the social and economic costs and benefits at various levels
and types of water quality control.
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NEED: ECOL 21-1
Definition of Habitat Requirements
 
OBJECTIVE:
To d
evel
op a
nd s
peci
fy i
deal
requ
irem
ents
of p
ast
and
pres
ent
comp
onen
ts o
f
the
Grea
t La
kes
ecos
yste
m an
d of
biot
a th
at m
ay b
e co
nsid
ered
for
intr
oduc
tion
.
NEED: 21—2
Identification of Interaction of Exotic Species
OBJECTIVE:
To i
dent
ify
the
mode
s of
inte
ract
ion
and
stre
ss o
f ex
otic
spec
ies
on n
ativ
e
biota and fish communities.
NEED: ECOL 21-3
Development of Models of Fish Communities
OBJECTIVE:
To c
onst
ruct
mode
ls o
f va
riou
s c
onfi
gura
tion
s of
desi
rabl
e fi
sh c
ommu
niti
es
that
migh
t be
esta
blis
hed
at v
ario
us l
evel
s of
wate
r qu
alit
y an
d wa
ter
qual
ity
configurations.
NEED: ECOL 21—4
Determination of Ecological Significance of Aquatic Bacteria
OBJECTIVE:
To obtain quantitative data concerning the environmental factors which affect
the rates of nutrient recyclingand organic decomposition by heterotrophic
aquatic bacteria.
To determine the ecological rate of bacterial nitrification in the Great
Lakes.
NEED: ECOL 21—5
Improvement of Ecological Theory for Fisheries Use
OBJECTIVE:
To deVelop a better theoretical basis for rehabilitating the depreciated fish
stocks of the Great Lakes.
To determine whether stability can be attained at various levels of maturity
if the stress is relaxed, or whether the systems will always trend towards the
climax conditions.
To increase management ability to recreate stable and high quality fiSheries
by providing a better basis for structuring management strategies.
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NEED: ECOL 21-6
De
te
rm
in
at
io
n
of
th
e
Re
sp
on
se
of
Bi
ot
a
to
Cl
ad
op
ho
ra
an
d
Al
ga
l
Bl
oo
ms
OBJECTIVE:
To
me
as
ur
e
re
sp
on
se
of
ve
rt
eb
ra
te
s
an
d
in
ve
rt
eb
ra
te
s
to
th
e
pr
es
en
ce
of
Cl
ad
op
ho
ra
an
d
al
ga
l
bl
oo
ms
in
th
e
ec
os
ys
te
m.
NEED: ECOL 21—7
De
ve
lo
pm
en
t
of
Bi
ol
og
ic
al
En
gi
ne
er
in
g
OBJECTIVE:
To
as
se
ss
po
ss
ib
il
it
ie
s
fo
r
ne
w
ge
ne
ti
c
co
nf
ig
ur
at
io
ns
th
at
wo
ul
d
be
ad
ap
te
d
to
mo
di
fi
ed
co
mm
un
it
y
st
ru
ct
ur
es
un
de
r
va
ri
ou
s
wa
te
r
qu
al
it
y
go
al
s.
IS
SU
E:
EC
OL
22
(N
EC
ES
SA
RY
)
POLYNUCLEAR AROMATIC HYDROCARBONS
 
ST
AT
EM
EN
T:
PO
LY
NU
CL
EA
R
AR
OM
AT
IC
HY
DR
OC
AR
BO
NS
HA
VE
BE
EN
ID
EN
TI
FI
ED
IN
GR
EA
T
LA
KE
S
WA
TE
RS
AN
D
IN
TI
SS
UE
S
OF
AQ
UA
TI
C
OR
GA
NI
SM
S.
SU
CH
MA
TE
RI
AL
IS
RE
LE
AS
ED
IN
QU
AN
TI
TY
TH
RO
UG
H
MA
NY
OF
MA
N'
S
AC
TI
VI
TI
ES
,
IN
CL
UD
IN
G
TH
E
CO
MB
US
TI
ON
OF
FO
SS
IL
FU
EL
S
AN
D
UR
BA
N
RU
NO
FF
.
IT
IS
PR
OB
AB
LE
TH
AT
CO
NS
ID
ER
AB
LE
AM
OU
NT
S
EN
TE
R
TH
E
SU
RF
AC
E
WA
TE
RS
SI
NC
E
IT
HA
S
BE
EN
SH
OW
N
TH
AT
CO
MP
OU
ND
S
WI
TH
MO
RE
TH
AN
TH
RE
E
SU
CH
AR
OM
AT
IC
HY
DR
OC
AR
BO
N
RI
NG
S
AR
E
RE
SI
ST
AN
T
TO
BI
OD
EG
RA
DA
TI
ON
.
TH
ES
E
CO
M—
PO
UN
DS
,
SO
ME
OF
WH
IC
H
AR
E
KN
OW
N
TO
BE
CA
RC
IN
OG
EN
IC
(A
S
FO
R
IN
ST
AN
CE
IN
CI
GA
RE
TT
E
SM
OK
E)
,
MA
Y
AC
CU
MU
LA
TE
IN
TH
E
FO
OD
CH
AI
N
AN
D
CO
NS
EQ
UE
NT
LY
PO
SE
A
HA
ZA
RD
TO
HUMAN HEALTH AND AQUATIC LIFE.
IM
PO
RT
AN
CE
:
A
nu
mb
er
of
th
e
po
ly
nu
cl
ea
r
ar
om
at
ic
co
mp
ou
nd
s
in
dr
in
ki
ng
wa
te
r
ar
e
kn
ow
n
to
be
ca
rc
in
og
en
ic
.
Wi
th
re
sp
ec
t
to
aq
ua
ti
c
li
fe
,
wh
il
e
th
ey
ma
y
al
so
be
na
tu
ra
ll
y
oc
cu
rr
in
g,
th
e
ch
ro
ni
c
ef
fe
ct
s
of
in
cr
ea
se
d
le
ve
ls
ha
ve
no
t
be
en
as
ce
rt
ai
ne
d
an
d
it
is
li
ke
ly
th
at
th
ei
r
in
tr
od
uc
ti
on
to
Gr
ea
t
La
ke
s
su
rf
ac
e
wa
te
rs
wi
ll
in
cr
ea
se
wi
th
in
cr
ea
si
ng
co
ns
um
pt
io
n
of
fo
ss
il
fu
el
s
an
d
related materials in the region.
NEED: ECOL 22—1
De
te
rm
in
at
io
n
of
Po
ly
nu
cl
ea
r
Ar
om
at
ic
Hy
dr
oc
ar
bo
ns
in
Ra
w
Wa
te
rs
fo
r
Pu
bl
ic
Water Supplies
OBJECTIVE:
To
de
ve
lo
p
an
d
ut
il
iz
e
a
su
it
ab
le
me
th
od
fo
r
qu
an
ti
fy
in
g
th
e
pr
es
en
ce
of
po
ly
-
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
in
ra
w
wa
te
rs
fo
r
pu
bl
ic
wa
te
r
Su
pp
ly
wi
th
a
vie
w
to
det
erm
ini
ng
pos
sib
le
hea
lth
haz
ard
s.
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 NEED: ECOL 22-2
Selection of Indicator Species
OBJECTIVE:
To
de
te
rm
in
e
in
di
ca
to
r
sp
ec
ie
s
Su
it
ab
le
fo
r
mo
ni
to
ri
ng
ch
an
gi
ng
le
ve
ls
of
po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
ne
ar
po
te
nt
ia
l
so
ur
ce
s
of
su
ch
co
mp
ou
nd
s.
NEED: ECOL 22-3
Determination of Baseline Levels
OBJECTIVE:
To
su
rv
ey
ex
is
ti
ng
le
ve
ls
fo
r
po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
in
th
e
bi
ot
ic
an
d
ab
io
ti
c
co
mp
ar
tm
en
ts
of
th
e
di
ff
er
en
t
Gr
ea
t
La
ke
s
su
bs
eq
ue
nt
to
th
e
es
ta
b-
lis
hme
nt
of
a s
uit
abl
e q
uan
tit
ati
ve
mea
sur
e p
roc
edu
re.
NEED: ECOL 22—4
Det
erm
ina
tio
n
of
Per
sis
ten
ce
and
Met
abo
lis
m
OBJECTIVE:
To
de
te
rm
in
e
th
e
pe
rs
is
te
nc
e
an
d
me
ta
bo
li
c
fa
te
of
po
ly
nu
cl
ea
r
ar
om
at
ic
hyd
roc
arb
ons
in
the
sed
ime
nts
and
the
hig
her
aqu
ati
c
org
ani
sms
.
NEED: ECOL 22—5
Determination of Chronic Effects
OBJECTIVE:
To
det
erm
ine
chr
oni
c
eff
ect
s o
f
pol
ynu
cle
ar
aro
mat
ic
hyd
roc
arb
ons
on
sen
sit
ive
aqu
ati
c
spe
cie
s,
par
tic
ula
rly
for
tho
se
com
pou
nds
ide
nti
fie
d a
s b
ein
g
bot
h
persistent and relatively abundant.
ISS
UE:
ECO
L
23
(NE
CES
SAR
Y)
SEA
SON
AL
DIS
INF
ECT
ION
0F
SEW
AGE
TRE
ATM
ENT
PLA
NT
EFF
LUE
NT
STA
TEM
ENT
:
SEA
SON
AL
DIS
INF
ECT
ION
IS
A H
IGH
LY
CON
TRO
VER
SIA
L
ISS
UE
AMO
NG
SCI
ENT
-
IST
S A
ND
ADM
INI
STR
ATO
RS.
ONE
CON
CEP
T
IS
THA
T
BAC
TER
IA
AND
VIR
USE
S
BUI
LD
UP
IN
THE
BOT
TOM
SED
IME
NTS
, S
URV
IVE
FOR
LON
GER
PER
IOD
S O
F T
IME
AND
BEC
OME
RES
USP
END
ED
LAT
ER
ON
DUR
ING
THE
SWI
MMI
NG
SEA
SON
.
IF
THE
WAT
ER
IS
BEI
NG
USE
D
AS
INT
AKE
FOR
DRI
NKI
NG
PUR
POS
ES,
RES
ULT
ING
ELE
VAT
ED
BAC
TER
IAL
AND
VIR
AL
COU
NTS
WIL
L C
AUS
E A
NEE
D F
OR
ADD
ITI
ONA
L T
REA
TME
NT.
ANO
THE
R C
ONC
EPT
FAV
ORS
SEA
SON
AL
DIS
INF
ECT
ION
DAI
LY
DUR
ING
THE
SWI
MMI
NG
SEA
SON
ONL
Y
IN
ORD
ER
TO
SAV
E M
ONE
Y
AND
ENE
RGY
.
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 IM
PO
RT
AN
CE
:
Se
as
on
al
ch
lo
ri
na
ti
on
wo
ul
d
al
lo
w
fo
r
co
ns
id
er
ab
le
mo
ne
ta
ry
an
d
en
er
gy
sa
vi
ng
s.
Ho
we
ve
r,
an
in
cr
ea
se
d
po
te
nt
ia
l
pu
bl
ic
he
al
th
pr
ob
le
m
is
es
ta
bl
is
he
d
wi
th
th
e
el
ev
at
ed
de
ns
it
ie
s
of
ba
ct
er
ia
an
d
vi
ru
se
s.
Th
e
mo
st
da
ng
er
ou
s
as
pe
ct
is
th
e
"r
es
id
ua
l
ef
fe
ct
"
of
mi
cr
oo
rg
an
is
ms
in
th
e
bo
tt
om
se
di
me
nt
s
wh
ic
h
ma
y
be
re
su
sp
en
de
d
in
th
e
wa
te
r
co
lu
mn
,
th
us
se
tt
in
g
up
co
n—
ditions for swimmer exposure and disease.
NEED: ECOL 23-1
De
te
rm
in
at
io
n
of
th
e
Pu
bl
ic
He
al
th
Ha
za
rd
OBJECTIVE:
To
es
ta
bl
is
h
th
e
ma
gn
it
ud
e
of
pu
bl
ic
he
al
th
ha
za
rd
du
ri
ng
th
e
no
n-
di
si
nf
ec
ti
on
periods.
To
co
mp
ar
e
re
su
lt
s
to
ep
id
em
io
lo
gi
ca
l
da
ta
ob
ta
in
ed
du
ri
ng
th
e
di
si
nf
ec
ti
on
pe
ri
od
an
d
be
tw
ee
n
ar
ea
s
wh
ic
h
do
an
d
th
os
e
th
at
do
no
t
di
si
nf
ec
t
du
ri
ng
th
e
winter.
NEED: ECOL 23—2
Def
ini
tio
n
of
Bac
ter
iol
ogi
cal
and
Vir
al
Dis
tri
but
ion
s
OBJECTIVE:
To
mo
ni
to
r
bo
tt
om
se
di
me
nt
s
an
d
wa
te
rs
du
ri
ng
di
si
nf
ec
ti
on
an
d
no
n—
di
si
nf
ec
ti
on
periods.
To
es
ta
bl
is
h
th
e
de
ns
it
y
ma
gn
it
ud
es
of
mi
cr
ob
ia
l
an
d
vi
ra
l
sp
ec
ie
s
in
re
ce
iv
in
g
waters.
NEED: ECOL 23—3
Determination of Disinfection Cost Efficiency
OBJECTIVE:
To
det
erm
ine
thr
oug
h c
ost
ana
lys
is
the
amo
unt
of
mon
ey
exp
end
ed
for
the
disinfectant during the non—swimming period.
To
det
erm
ine
the
amo
unt
of
ene
rgy
use
d
to
pro
duc
e
the
dis
inf
ect
ant
use
d
dur
ing
that period.
To
cor
rel
ate
the
epi
dem
iol
ogi
cal
and
mic
rob
iol
ogi
cal
res
ult
s.
ISS
UE:
ECO
L 2
4
(NE
CES
SAR
Y)
RESOURCE AND NUISANCE ASPECTS OF ALGAL PRODUCTION
STA
TEM
ENT
:
ALG
AL
PRO
DUC
TIO
N I
S T
HE
FOU
NDA
TIO
N O
F T
HE
BIO
LOG
ICA
L R
ESO
URC
ES
INC
LUD
ING
FIS
HER
IES
, B
UT
OVE
R—P
ROD
UCT
ION
CAN
LEA
D L
OCA
LLY
TO
SER
IOU
S Q
UAL
ITY
IMPAIRMENT.
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IM
PO
RT
AN
CE
:
Ex
am
pl
es
of
qu
al
it
y
im
pa
ir
me
nt
ar
e:
fo
ul
in
g
of
be
ac
he
s
by
Cl
ad
op
ho
ra
;
bl
oo
ms
of
bl
ue
-g
re
en
al
ga
e
in
po
ll
ut
ed
ba
ys
an
d
ha
rb
or
s;
pr
o-
du
ct
io
n
of
ob
je
ct
io
na
bl
e
(o
r
ex
pe
ns
iv
e
to
re
mo
ve
)
ta
st
es
an
d
od
or
s
in
pu
bl
ic
wa
te
r
su
pp
li
es
;
in
cr
ea
se
d
co
st
s
of
wa
te
r
fi
lt
ra
ti
on
.
Ho
we
ve
r,
as
th
e
pr
im
ar
y
fo
od
st
oc
k
fo
r
zo
op
la
nk
to
n
an
d
fi
sh
,
al
ga
e
ar
e
an
in
di
sp
en
sa
bl
e
ec
ol
og
ic
al
,
so
ci
al
an
d
ec
on
om
ic
re
so
ur
ce
.
If
a
ba
la
nc
e
be
tw
ee
n
th
e
po
si
ti
ve
an
d
ne
ga
ti
ve
as
pe
ct
s
we
re
fo
un
d,
co
st
s
an
d
in
co
nv
en
ie
nc
e
co
ul
d
be
re
du
ce
d
an
d
re
so
ur
ce
potentials increased.
NEED: ECOL 24¢l
De
te
rm
in
at
io
n
of
Nu
tr
ie
nt
Up
ta
ke
an
d
Gr
ow
th
Ki
ne
ti
cs
OBJECTIVE:
To
el
uc
id
at
e
th
e
ro
le
of
nu
tr
ie
nt
co
nc
en
tr
at
io
ns
an
d
ra
ti
os
,
se
le
ct
iv
e
gr
az
in
g,
an
d
pa
ra
si
ti
za
ti
on
on
sp
ec
ie
s
su
cc
es
si
on
th
ro
ug
h
a
co
mb
in
at
io
n
of
la
bo
ra
to
ry
and field experiments.
To
pr
od
uc
e
ra
te
co
ef
fi
ci
en
ts
wh
ic
h
ca
n
be
us
ed
in
pr
ed
ic
ti
ve
mo
de
ll
in
g.
NEED: ECOL 24—2
De
te
rm
in
at
io
n
of
th
e
Lo
ss
Te
rm
s
in
th
e
Pr
od
uc
ti
on
Eq
ua
ti
on
OBJECTIVE
To
qu
an
ti
fy
th
e
ro
le
s
of
se
tt
le
me
nt
as
re
la
te
d
to
nu
tr
ie
nt
st
at
us
,
re
sp
ir
at
io
n
an
d
th
e
re
la
ti
on
to
te
mp
er
at
ur
e,
an
d
gr
az
in
g
as
re
la
te
d
to
al
ga
l
de
ns
it
y
an
d
si
ze
co
mp
os
it
io
n
th
ro
ug
h
a
co
mb
in
at
io
n
of
la
bo
ra
to
ry
an
d
fi
el
d
ex
pe
ri
me
nt
s.
To
pr
od
uc
e
th
e
ra
te
co
ef
fi
ci
en
ts
wh
ic
h
ca
n
be
us
ed
in
pr
ed
ic
ti
ve
mo
de
ll
in
g.
NEED: ECOL 24-3
De
te
rm
in
at
io
n
of
th
e
In
hi
bi
ti
on
by
Co
nt
am
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NEED: ECOL 25—2
Evaluation of Synergistic Toxicants
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at
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Evaluation of the Fungal Problem
OBJECTIVE:
To
de
te
rm
in
e
th
e
re
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e
fish populations.
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SLUDGE HANDLING, UTILIZATION AND DISPOSAL
Evaluation of Regulation and Controls Relating to the Practice of Sludge
Utilization on Agricultural Lands
Development of Sludge Pretreatment Methods to Enhance Utilization
Development of Alternate Disposal Methods for Sludges Unacceptable for Land
Applications
Evaluation of Sludge Handling Techniques Related to Utilization or Ultimate
Disposal
IMPACT OF LAKE WA
TER QUALITY ON PO
TABLE WATER SUPPL
Y
Assessment of the Efficiency of Potable Water Treatment for the Removal of Trace
Contaminants and
Pathogens from Wa
ter Supplies
Determination of Types and Magnitudes of Trace Contaminants in Water Supplies
Evaluation of Alt
ernative Potable
Water Disinfectio
n Procedures
IMPACT AND CONTROL OF OIL POLLUTION
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Regulation of Oil Spills
NUTRIENT POINT SO
URCE CONTROL FOR
MUNICIPAL/INDUSTR
IAL WASTES
Evaluation of the
Impact of Existin
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val and Nitrogen
Conversion
Programs on Great Lakes Water Quality
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cess Effectivenes
s of Existing Nut
rient Control Fac
ilities
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ontrol Processes
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t—Effectiveness o
f Alternative Nut
rient Control Str
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servation Designs
and Assessment of
Methods
of Construction and Operation
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Area-Wide Managem
ent Alternatives
for Wastewater
Collection, Storage and Treatment
HAZARDOUS CHEMCIAL SPILLS
Evaluation of Long-Term and Short—Term Effects of (Catastrophic) Chemical Spills
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Clarification of Transport Processes of Industrial/Municipal Wastes
Development of Criteria for the Design, Operation and Monitoring of Systems for
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NEED: TECH lnl
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n o
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To
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erm
ine
if
cur
ren
t
was
tew
ate
r
dis
inf
ect
ion
pra
cti
ces
sig
nif
ica
ntl
y
red
uce
the risk and incidence of waterborne disease.
To
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ine
and
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act
s o
f d
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har
gin
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on—
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nat
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tew
ate
r
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eva
lua
tin
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efi
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min
ati
on
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ne
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nds
on
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and
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bac
ter
ial
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NEED: TECH l—2
Evaluation of Wastewater Disinfection Alternatives
OBJECTIVE:
To
ass
ess
oth
er
for
ms
of
dis
inf
ect
ion
(e.g
. o
zon
e,
chl
ori
ne
dio
xid
e,
etc
.)
on
the basis of:
(l) disinfection capacity (pathogen killing);
(2)
eco
nom
ic
imp
act
, i
ncl
udi
ng
the
app
lic
abi
lit
y t
o c
urr
ent
pla
nt
des
ign
;
(3)
regr
owth
of b
acte
rial
indi
cato
rs,
or r
equi
reme
nts
for
alte
rnat
ive
indicator systems.
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 NEED: TECH 1—3
Evaluation of Cooling Tower and Condenser Effluent Treatment Alternatives
OBJECTIVE:
To assess alternative mechanisms for defouling cooling tower and condenser
effluents.
To determine minimal levels of chlorine application to achieve objectives.
To determine persistence of chlorinated compounds formed and their effects
on aquatic life.
NEED: TECH 1-4
Evaluation of Water Supply Treatment Alternatives
OBJECTIVE:
To determine if chlorinated organics present in drinking water are generated
as a result of their formation in wastewater disinfection, or in the water
treatment process itself.
To examine water treatment technologies to determine if they canbe modified
to minimize the production of such compounds in finished water by removal of
organics either prior to or following the disinfection stage.
NEED: TECH 1—5
Evaluation of Stormwater Disinfection
OBJECTIVE:
To determine if disinfection of Stormwater is required and whether improved
technology and management procedures should be developed.
NEED: TECH 1-6
Development of Innovative Wastewater Treatment Techniques
OBJECTIVE:
To develop innovative wastewater treatment techniques which will achieve
required water quality objectives for organic and inorganic pollutants, as
well as a high level of biological kill.
NEED: TECH 1—7
Determination of Water Qualiterroblems Generated by Disinfection
OBJECTIVE:
To assess the formation and longevity of biologically unacceptable substances
by chlorine and alternative disinfection methods.
49
 To identify the compounds formed by addition of disinfectants to wastewaters,
and the conditions under which formation occurs.
To assess the effects of such substances on all levels of aquatic biota and
on human health.
ISSUE: TECH 2 (CRITICAL)
REMOVAL OF HAZARDOUS SUBSTANCES
 
STATEMENT: BECAUSE OF THEIR LONGEVITY AND POTENTIAL TOXICITY AND/OR CARCIN—
OGENICITY, HAZARDOUS MATERIALS IMPACT IMMEDIATELY, SUBSTANTIALLY, AND IN AN
OBVIOUS MANNER ON WATER QUALITY. THESE MATERIALS INCLUDE A BROAD RANGE OF
ORGANIC COMPOUNDS, SUCH AS HALOGENATED PESTICIDES AND POLYHALOGENATED BIPHENYLS,
AND A VARIETY OF INORGANIC SUBSTANCES, INCLUDING ASBESTIFORMS AND HEAVY
METALS, SUCH AS CADMIUM AND MERCURY.
IMPORTANCE: The discharge of hazardous materials to water sources and their
presence therein, even in trace amounts, may render these waters unsafe or
unsuitable for use from the standpoints of both public health and ecologic
preservation.
NEED: TECH 2—1
Development of Cost—Effective Control Technology for Removal of Hazardous
Organic Substances
OBJECTIVE:
To protect the waters of the Great Lakes for public health and ecological
uses.
To identify those organic constituents or classes of compounds in the waters
of the Great Lakes which are potentially hazardous.
To evaluate the effectiveness of biological and physicochemical methods in
removal of these compounds based on treatability determinations.
To develop design and cost criteria for both gross and specific removal
techniques such as carbon adsorption and chemical oxidations.
To identify contaminants which cannot be removed within reasonable cost
projections and will have to be reduced or eliminated through source control,
product substitution or possibly bioconcentration and harvesting.
NEED: TECH 2-2
Development of Cost-Effective Control Technology for Removal of Hazardous
Inorganic Substances
OBJECTIVE:
To protect the waters of the Great Lakes for public health and ecological
uses.
To develop improved methods for removal of trace quantities of hazardOus in-
organic substances, specifically heavy metals, from large flow waste streams
at lower cost.
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 ISSUE: TECH 3 (CRITICAL)
CONTROL OF RUNOFF - RELATED POLLUTION
STATEMENT: RUNOFF FROM PRECIPITATION AND OTHER CONTAMINATED NON-POINT
SOURCE WATERS ANNUALLY CONTRIBUTES A MAJOR SHARE OF THE TOTAL POLLUTION
INPUT TO THE GREAT LAKES. WATER QUALITY IS DIRECTLY AFFECTED BY HIGH
CONCENTRATIONS OF AN ALMOST UNIVERSAL VARIETY OF CONTAMINANTS FOUND IN
THESE NON-POINT SOURCE WASTES.
IMPORTANCE: As point sources are eliminated or reduced, non—point source con-
tributions become more significant. In many instances desired levels of water
quality control cannot be met or maintained by point source control and abate-
ment alone.
NEED: TECH 3-1
Assessment of Mass Emission Rates and Source Identification
OBJECTIVE:
To assess emission rates of soluble and particulate pollutants from runoff
and non—point sources.
To identify sources from such categories as: (1) land use, (2) soil type and
geology, (3) land fills, (4) septic tanks, (5) feedlots, (6) chemical spills,
(7) atmospheric precipitation and (8) storm sewers, of hazardous substances
as well as nutrients, BOD, and other non—hazardous pollutants.
To provide data for the implementation of management and control procedures
to regulate the major sources.
To provide data which will accurately consider large storm flows and base
flows as opposed to data based on fixed time intervals (e.g. one per week)
which statistically will miss the peak flows during which most sediment is
transported.
NEED: TECH 3—2
Evaluation of Structural and Non—Structural Alternatives
OBJECTIVE:
To evaluate non—structural techniques such as sewer flushing, improved street
sweeping, air emission control of pollutants of water quality significance,
flow retardation through porous pavement, and storm sewer water storage.
To evaluate structural control techniques such as the development of cost-
effective treatment or control systems for individual homes applicable to all
drainage situations, and sediment control techniques to control erosion from
Construction projects and certain critical land areas.
To develop from these evaluations structural and non-structural controls,
source controls, or high-rate processes for high volume intermittent flows.
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RGE
QUA
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RAD
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IM
PO
RT
AN
CE
:
Be
tt
er
in
ve
st
me
nt
va
lu
e
an
d
ec
ol
og
ic
al
be
ne
fi
ts
wi
ll
re
su
lt
from an improvement in municipal effluent quality.
NEED: TECH 4—1
Est
abl
ish
men
t
of
Tec
hni
que
s
for
Opt
imu
m
Ope
rat
ion
of
Was
tew
ate
r
Tre
atm
ent
Facilities
OBJECTIVE:
To
det
erm
ine
the
bes
t
ava
ila
ble
tec
hni
que
s
for
the
ope
rat
ion
of
mun
ici
pal
and
ind
ust
ria
l w
ast
e
tre
atm
ent
sys
tem
s i
ncl
udi
ng
ope
rat
or
tra
ini
ng
pro
gra
ms
and
rew
ard
s s
yst
em
for
att
ain
ing
exe
mpl
ary
lev
els
of
ope
rat
ion
.
NEED: TECH 4—2
Eva
lua
tio
n o
f W
ast
ewa
ter
Tre
atm
ent
Uni
t P
roc
ess
es
in
Red
uci
ng
Per
sis
ten
t
Contaminants
OBJECTIVES:
To
det
erm
ine
the
eff
ect
ive
nes
s o
f t
he
var
iou
s u
nit
pro
ces
ses
use
d i
n
bio
log
ica
l a
nd
phy
sic
al/
che
mic
al
was
te
tre
atm
ent
in
rem
ovi
ng
per
sis
ten
t
contaminants from domestic/industrial SOurces.
To
det
erm
ine
the
typ
e o
f p
ers
ist
ent
con
tam
ina
nts
res
ult
ing
fro
m m
ixi
ng
of w
aste
stre
ams
from
diff
eren
t so
urce
s (
i.e.
indu
stri
al w
aste
disc
harg
ed
int
o a
mun
ici
pal
sew
era
ge
sys
tem
) a
s w
ell
as
new
com
pou
nds
whi
ch
may
be
form
ed i
n ch
emic
al a
nd b
ioch
emic
al r
eact
ions
occu
rrin
g du
ring
biol
ogic
al
and/or physical/chemical waste treatment.
NEED: TECH 4-3
Deve
lopm
ent
and
Inco
rpor
atio
n of
a Dy
nami
c De
sign
Meth
odol
ogy
Conc
ept
OBJECTIVE:
To d
evel
op a
nd u
tili
ze a
dyna
mic
desi
gn m
etho
dolo
gy
conc
ept
to p
rovi
de
uniform and rational design criteria for various unit processes.
To determine seasonal requirements based on influent and effluent discharge
obje
ctiv
es i
n ad
diti
on t
o co
nven
tion
al d
iurn
al h
ydra
ulic
and
orga
nic
load
variation.
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NEED: TECH 4-4
Development of Wastewater Treatment Plant Operation Strategy, Control
Methodology and Process Instrumentatigg
UﬁlﬂECTIIDQZ:
To develop plant operational strategies based on influent conditions and
effluent requirements to optimize unit process efficiencies for removing
contaminants in large and small municipal/industrial waste treatment
plants.
To evaluate the dynamic process control methodology concept based on
diurnal/seasonal conditions to be applied to individual unit processes
to enable cost-effective operation.
To develop robust, reliable, direct—reading sensor/output systems to
achieve the perceived process control objectives.
ISSUE: TECH 5 (CRITICAL)
DREDGING AND DREDGED MATERIAL DISPOSAL
STATEMENT: DREDGING MAY IMPAIR WATER QUALITY BY RESUSPENSION OF CONTAMINANTS
AND SEDIMENT AT THE DREDGING SITE AND BY CHANGES IN FLOW AND SEDIMENTATION
PATTERNS.
DISPOSAL IMPACTS RESULT FROM BOTH OPEN WATER AND CONFINED DISPOSAL.
OPEN WATER DISPOSAL LEADS TO SHORT-TERM IMPACTS ON THE WATER COLUMN AND
THERE MAY BE A LONG—TERM EFFECT ON BENTHOS AND ASSOCIATED AQUATIC COMMUNITIES.
CONFINED DISPOSAL CAN HAVE A SHORT—TERM EFFECT ON NEARSHORE WATERS
THROUGH CONTAMINATED OVERFLOW AND A LONG-TERM EFFECT ON SURFACE AND
GROUND WATER THROUGH TRANSPORT OF CONTAMINANTS.
IMPORTANCE: The ecological impact of dredging can be reduced by the
development and application of improved methods to prevent resolution,
resuspension and transport of contaminants. Beneficial use of dredged
material and development of'metnods to reduce sedimentation can materially
reduce costs. The reduced turbidity and improved beneficial use of
spoils may provide substantial social benefit.
NEED: TECH 5-1
Development of Technology for Containment and Stabilization of Highly
Contaminated Sediments
OBJECTIVE:
To develop methods for the permanent containment and stabilization of highly
contaminated sediments.
To develop procedures for treatment of outflows at the time of dredging.
To develop chemical or physical means of preventing subsequent leaching or
mobilization of the contaminants.
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 NEED: TECH 3~2
Evaluation of Differential Empacts of Disposal Methods
  
ﬂBJEUTIVE:
To evaluate the significance of suspended materials and chemical contaminants
associated with dredged sediments to Great Lakes water quality.
To evaluate short— and long—term effects of dredged material on disposal in
open water and confined areas with emphasis on persistent chlorinated
hydrocarbons (PCBs), pesticides, heavy metals, aquatic plant nutrients
(nitrogen and phosphorus), oils and persistent petroleum products.
To develop methodology to predict the environmental impact of alternative
disposal methods.
NEED: TECH 5-3
Evaluation of Beneficial Uses of Dredged Material
OBJECTIVE:
To develop appropriate technology to determine the suitability and methods for
various uses of representative types of dredged material including use in
construction material, landfill cover, wetland creation, and soil improvement.
NEED: TECH 5—4
Development q£_Iechnology for Dewatering Dredged Material
OBJECTIVE:
To increase storage capacity by developing methods of dewatering confined
disposal areas.
To reduce the number and size of dredged material sites and structures.
NEED: TECH 5-5
Beduction o£_theuggcg§sity for_2;edging
OBJECTIVE:
To develop methods of minimizing sediment transport to and within dredged
waterways to avoid degradation of water quality.
To review the socio-economic decision—making process which determines the
need and frequency for dredging operations.
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 NEED: TECH 5—6
Evaluation of Environmental Impact of Fill Material
OBJECTIVE:
To
eva
lua
te
the
pot
ent
ial
env
iro
nme
nta
l i
mpa
ct
of
suc
h f
ill
mat
eri
al
as
bui
ld—
ing
rubb
le,
soil
s an
d ot
her
soli
ds w
hich
are
used
as f
ill
for
cons
truc
tion
sites, dikes and breakwaters.
To
uti
liz
e w
her
e p
oss
ibl
e r
ese
arc
h f
ind
ing
s r
ega
rdi
ng
dis
pos
al
of
dre
dge
d
material.
NEED: TECH 5-7
Evaluation of Offshore Mining
OBJECTIVE:
To
inv
est
iga
te
tur
bid
ity
and
the
sus
pen
sio
n a
nd/
or
rel
eas
e o
f c
ont
ami
nan
ts
M
fro
m o
ffs
hor
e m
ini
ng
whi
ch
pre
sen
tly
con
sis
ts
of
san
d a
nd
gra
vel
rec
ove
ry
wit
h
the
pos
sib
ili
ty
of
met
all
ic
min
era
l r
eco
ver
y i
n s
ome
are
as.
To
inv
est
iga
te
if
mat
eri
al
(su
ch
as
fin
es
was
hed
fro
m s
and
and
gra
vel
) m
ay
be
ame
nab
le
to
som
e o
f t
he
sam
e d
isp
osa
l t
ech
niq
ues
(an
d p
ote
nti
al
ben
efi
cia
l
k
uses) as dredged material.
To
ver
ify
tha
t t
hes
e m
ate
ria
ls
and
dre
dge
d m
ate
ria
l a
re
suf
fic
ien
tly
sim
ila
r
as to allow comparable disposal.
To
det
erm
ine
the
nee
d f
or
sit
e—s
pec
ifi
c t
ech
niq
ues
due
to
the
wid
e v
ari
ety
of recovery techniques and resultant waste products.
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SLUDGE HANDLING, UTILIZATION AND DISPOSAL
STA
TEM
ENT
:
TO
PRO
TEC
T W
ATE
R Q
UAL
ITY
, P
ROP
ER
HAN
DLI
NG,
UTI
LIZ
ATI
ON
AND
DIS
POS
AL
TEC
HNI
QUE
S F
OR
WAS
TE
TRE
ATM
ENT
PLA
NT
SLU
DGE
S A
RE
ESS
ENT
IAL
.
IN
THE
SLU
DGE
,
CON
TAM
INA
NTS
SUC
H A
S H
EAV
Y M
ETA
LS
CAN
BE
CON
SID
ERE
D A
POT
ENT
IAL
HAZ
ARD
TO
THE
ENVI
RONM
ENT
AND
HUMA
N HE
ALTH
UNLE
SS A
DEQU
ATE
PREC
AUTI
ONS
ARE
OBSE
RVED
.
IMP
ORT
ANC
E:
Slu
dge
han
dli
ng
and
dis
pos
al
is
a m
ajo
r c
ost
in
was
tew
ate
r
trea
tmen
t;
ther
efor
e,
slud
ge u
tili
zati
on o
r ad
equa
te
disp
osal
at r
educ
ed
cost
is o
f di
rect
econ
omic
bene
fit.
Soci
ally
acce
ptab
le d
ispo
sal
meth
ods
are essential.
NEED: TECH 6—1
Eva
lua
tio
n o
f R
egu
lat
ion
and
Con
tro
ls
Rel
ati
ng
to
the
Pra
cti
ce
of
Slu
dge
Utilization on Agricultural Lands
OBJECTIVE:
To
pre
par
e a
n i
nve
nto
ry
of
the
var
iou
s g
uid
eli
nes
, c
ode
s o
f p
rac
tic
e,
regu
lati
ons,
etc.
, r
elat
ing
to s
ludg
e ut
iliz
atio
n on
agri
cult
ural
land
s.
To review the rationale behind their preparation and adoption.
To evaluate their adequacy and effectiveness.
To
def
ine
lim
ita
tio
ns
of
slu
dge
uti
liz
ati
on
on
agr
icu
ltu
ral
land
.
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NEED:
TECH 6-2
Development of Sludge Pretreatment Methods to Enhance Utilization
OBJECTIVE:
To develop methods to reduce contaminant concentration to levels such that land
application
becomes
acceptable.
To develop
technology for the recovery of reusable contaminants
from municipal
and industrial sludges.
NEED: TECH 6-3
Development
of
Alternate
Disposal Methods
for
Sludges
Unacceptable
for
Land
Applications
OBJECTIVE:
To evaluate
alternate
disposal
methods
of
sludges
unacceptable
for
land
application.
To
examine
the
controls
applied
to
these
methods.
To assess
the
effectiveness
of the
regulatory
and
technical
controls
in
relation
to
their
impact
on
water
quality.
NEED: TECH 6-4
Evaluation
of
Sludge
Handling
Techniques
Related
to
Utilization
or
Ultimate
Disposal
OBJECTIVE:
To
develop
criteria
relating
to
sludge
treatment,
conditioning
and
dewatering
techniques
for
methods
of
utilization
and
ultimate
disposal
of
sludges.
To
minimize
deleterious
effects
on
the
environment
as
well
as
to
maximize
the
overall
efficiency
of
the
waste
treatment
system.
ISSUE:
TECH
7
(ESSENTIAL)
IMPACT
OF
LAKE
WATER
QUALITY
ON
POTABLE
WATER
SUPPLY
STATEMENT:
THE
QUALITY
OF
THE
RAW
WATER
SUPPLY
IS
EXTREMELY
IMPORTANT
IN
SELECTING
A
SOURCE
FOR
POTABLE
WATER.
RAW
WATER
QUALITY
DIRECTLY
INFLUENCES
COST
OF
TREATMENT
AND
THE
DEGREE
OF
TREATMENT
PROCESS
SOPHISTICATION
REQUIRED
TO
ACHIEVE
SET
POTABLE
WATER
QUALITY
STANDARDS.
IMPORTANCE:
Cost
of
treatment
increases
with
degree
of
disparity
between
raw
and
treated
water
quality.
Production
of
high
quality
potable
water
safeguards
public health.
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 NEED: TECH 7—1
Assessment of the Efficiency of Potable Water Treatment for the Removal of
Trace Contaminants and Pathogens from Water Supplies
OBJECTIVE:
To assess the removal of total and specific organic and other trace contaminants
by potable water treatment unit processes and unit operation design and/or
modification.
To evaluate the use of polyelectrolytes as the sole coagulant for pathogen
removal from raw waterof otherwise high quality.
NEED: TECH 7—2
Determination of Types and Magnitudes of Trace Contaminants in Water Supplies
OBJECTIVE:
To ascertain the occurrence of natural and man—made trace contaminants in
raw and treated water supplies.
To investigate the need to standardize both the methodology for sampling
and the qualitative and quantitative analysis for trace contaminants.
NEED: TECH 7—3
 
Evaluation of Alternative Potable Water Disinfection Procedures
OBJECTIVE:
To determine how best to avoid or minimize halogenated organic compound
formation during potable water treatment.
ISSUE: TECH 8 (ESSENTIAL)
IMPACT AND CONTROL OF OIL POLLUTION
STATEMENT: OIL, GREASE, AND OTHER PETROLEUM DERIVATIVES DEGRADE WATER
QUALITY BY:
(A) INTERFERING WITH THE LIFE CYCLES OF AQUATIC ORGANISMS AND WILDLIFE;
(B) ACTING As VEHICLES FOR OTHER DELETERIOUS SUBSTANCES (E.G. CHLORINATED
HYDROCARBON PESTICIDES, PCBs, HEAVY METALS AND OTHER OIL SOLUBLE
MATERIALS);
(C) IMPARTING TASTE AND ODOR TO FISH AND DOMESTIC WATER SUPPLIES;
(D) BEING AESTHETICALLY OFFENSIVE;
(E) FOULING RECREATIONAL AREAS AND INTERFERING WITH INDUSTRIAL USE
OF WATER.
IMPORTANCE: Oil pollution causes disruption of aquatic communities, increases
treatment cost, decreases the marketability of fishery resources, increases
loss of recreational revenue and use, and diminishes aesthetic acceptability.
IMplementation of regulations to prevent oil spills is not fully adequate.
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NEED: TECH 8-1
As
se
ss
me
nt
of
Oi
l
Fi
lm
s
an
d
Se
di
me
nt
ed
Oi
ls
as
Co
nc
en
tr
at
io
n/
Tr
an
sp
or
t
Mechanisms
OBJECTIVE:
To
ev
al
ua
te
the
co
nc
en
tr
at
io
n
an
d
tr
an
sp
or
t
me
ch
an
is
ms
for
oi
l
as
so
ci
at
ed
con
tam
ina
nts
,
suc
h
as
chl
ori
nat
ed
hyd
roc
arb
on
pes
tic
ide
s,
PCB
s
and
hea
vy
metals.
To
est
abl
ish
a b
ett
er
und
ers
tan
din
g
of
the
eco
log
ica
l
sig
nif
ica
nce
of
the
se
phenomena.
NEED: TECH 8—2
Eva
lua
tio
n o
f t
he
Ass
imi
lat
ive
Cap
aci
ty
of
the
Eco
sys
tem
for
Oil
OBJECTIVE:
To
det
erm
ine
the
abi
lit
y o
f e
cos
yst
ems
to
ass
imi
lat
e a
nd
deg
rad
e l
ow-
lev
el
chronic inputs of oil.
To
eva
lua
te
eco
log
ica
l e
ffe
cts
of
sed
ime
nte
d a
nd
wat
erb
orn
e o
ils
so
tha
t
bio
log
ica
lly
mea
nin
gfu
l q
ual
ity
cri
ter
ia
for
sed
ime
nts
and
wat
er
can
be
established.
NEED: TECH 8—3
Dete
rmin
atio
n of
Long
-Ter
m Ef
fect
s of
Heav
y (
Cata
stro
phic
) Oi
l Sp
ills
OBJECTIVE:
To investigate the recuperative pathway of ecosystems after catastrophic oil
spills so that remedial actions can be designated to speed recovery.
NEED: TECH 8-4
Development of Bioassays Suitable to Predict Environmental Effects of Oil
OBJECTIVE:
To develop bioassay dosing techniques which present aquatic organisms with
appropriate concentrations of water soluble fractions, emulsions, sedimented
fractions and surface contaminants.
To better model actual exposures to oils.
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NEED: TECH 8-5
Improvement of Clean—up Technology
 
OBJECTIVE:
To develop technology for the clean—up of large spills on the Great Lakes which
may result from exploration, production,
and transportation.
To
evaluate
containment
techniques
for use
in winter
conditions.
To determine the effects of dispersants in the Great Lakes.
To develop methodology for the disposal of waste material from clean-up
operations.
NEED: TECH 8-6
Evaluation of the Effects of Low Levels of Surface Oils on Waterfowl
Reproduction
OBJECTIVE:
To verify under natural conditions, the small scale laboratory experiments
which have illustrated the deleterious effect of small amounts of oil on the
hatchability of eggs.
NEED: TECH 8—7
Treatment of Oil Contaminated Sediments
OBJECTIVE:
To develop special techniques to remove and dispose of oil and/or sediment
from oil contaminated sediments without causing additional damage.
NEED: TECH 8—8
Regulation of Oil Spills
OBJECTIVE:
To develop implementation strategies for present regulations for preventing
oil spills.
To develop requirements for additional regulations.
ISSUE: TECH 9 (NECESSARY)
NUTRIENT POINT SOURCE CONTROL FOR MUNICIPAL/INDUSTRIAL WASTES
STATEMENT: THE ABILITY TO REDUCE AND/OR ELIMINATE NUTRIENT INPUTS TO THE
GREAT LAKES SYSTEM IS OF GREAT IMPORTANCE. BENEFICIAL RESULTS WILL INCLUDE
REDUCED RATES OF EUTROPHICATION IN THE GREAT LAKES AND EASIER USE OF THE LAKES
AS RAW WATER SOURCES FOR POTABLE WATER SUPPLIES.
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creationaZ value.
NEED: TECH 9-1
Ev
al
ua
ti
on
of
th
e
Im
pa
ct
of
Ex
is
ti
ng
Ph
os
ph
or
us
Re
mo
va
l
an
d
Ni
tr
og
en
Co
nv
er
si
on
Pr
og
ra
ms
on
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
OBJECTIVE:
To
ev
al
ua
te
th
e
im
pa
ct
,
bo
th
pr
es
en
t
an
d
pr
oj
ec
te
d,
of
ex
is
ti
ng
ph
os
ph
or
us
an
d
ni
tr
og
en
co
nt
ro
l
on
Gr
ea
t
La
ke
s
nu
tr
ie
nt
bu
dg
et
s
an
d
wa
te
r
qu
al
it
y
an
d
to
id
en
ti
fy
th
e
re
qu
ir
ed
de
gr
ee
fo
r
fu
tu
re
co
nt
ro
l.
NEED: TECH 9—2
Ev
al
ua
ti
on
of
Pr
oc
es
s
Ef
fe
ct
iv
en
es
s
of
Ex
is
ti
ng
Nu
tr
ie
nt
Co
nt
ro
l
Fa
ci
li
ti
es
OBJECTIVE:
To
as
se
ss
th
e
ef
fe
ct
iv
en
es
s
of
ph
os
ph
or
us
re
mo
va
l
an
d
ni
tr
og
en
co
nv
er
si
on
facilities.
To
ide
nti
fy
the
des
ign
and
ope
rat
ing
cri
ter
ia
in
use
.
To
qu
an
ti
fy
pr
oc
es
s
ef
fi
ci
en
cy
,
re
li
ab
il
it
y
an
d
ec
on
om
ic
s
of
ex
is
ti
ng
facilities.
NEED: TECH 9-3
Deve
lopm
ent
of I
nnov
ativ
e Te
chno
logy
for
Nutr
ient
Cont
rol
Proc
esse
s
OBJECTIVE:
To d
evel
op n
ew t
echn
ique
s fo
r nu
trie
nt r
emov
al i
n ne
w an
d/or
exis
ting
wast
e
treatment plants.
To evaluate these techniques with respect to existing methodology.
NEED: TECH 9-4
Evaluation of Cost-Effectiveness of Alternative Nutrient Control Strategies
OBJECTIVE:
To evaluate seasonal nutrient control practices, in relation to Great Lakes
water quality nutrient budgets and dissolved oxygen levels.
To evaluate the feasibility of localized control criteria (i.e. tributaries
and metropolitan areas) to meet the requirements of nearshore water quality.
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 ISSUE: TECH lO (NECESSARY)
OPTIMIZATION AND COST—EFFECTIVENESS OF WASTE TREATMENT SYSTEMS
STATEMENT: TRADITIONALLY, COST REDUCTION IN WASTE TREATMENT HAS BEEN
ATTEMPTED PRIMARILY THROUGH IMPROVED PROCESS DESIGN. A VARIETY OF WASTE
MANAGEMENT SYSTEM OPTIONS EXIST WHICH SHOULD BE EVALUATED DURING THE PLANNING
PROCESS (i.e. REGIONALIZATION, DUAL-USE, ETC.). COST—EFFECTIVENESS PROCESS
AND SYSTEM MODELLING CAPABILITIES ARE NOT AVAILABLE TO MUNICIPAL DECISION-
MAKERS.
IMPORTANCE: Development of more cost—effective methods for construction and
operation of waste treatment systems will permit achievement of a greater
number of water quaZity objectives for a given level of funding, or fiscal
resources, for poZZution oontroZ facilities.
NEED: TECH lO—l
Development of Energy and Cost Conservation Designs and Assessment of Methods
of Construction and Operation
OBJECTIVE:
To develop unit process models relating energy requirements, costs and per-
formance as a function of design and size to permit optimization for both
liquid and sludge processing operations.
To utilize the development of alternative process control strategies and
identification of instrumentation and automation needs.
To evaluate materialsand methods of construction which could reduce costs
of wastewater treatment facilities.
NEED: TECH 10—2
Development of Cost-Effective Area-Wide Management Alternatives for
Wastewater Collection, Storage and Treatment
OJJECTIVE:
To develop a decision—making protocol based on a series of illustrative test
cases or, if possible, an executive program incorporating unit process cost
models and sewage collection system cost functions.
To assess locally the applicability of systems options including:
(a) regionalization of waste treatment facilities in total or
by specific function such as sludge disposal, carbon
regeneration and refuse~sludge disposal;
(b) centralized operational management of satellite treatment
facilities;
(c) dual use of wet and dry weather flow storage and treatment
facilities of liquids and associated sludges;
(d) combined industrial—municipal wastereatment facilities
spe
cif
ica
lly
des
ign
ed
to
han
dle
hea
vy
met
als
and
ref
rac
tor
y
org
ani
cs
as
wel
l a
s "
com
pat
ibl
e"
was
tes
, t
her
eby
all
owi
ng
ind
ust
rie
s t
o r
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pre
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atm
ent
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uir
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nts
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d
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ts
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tak
e
adv
ant
age
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eco
nom
ics
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al
e
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at
ed
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th
a
mu
ni
ci
pa
l
fa
ci
li
ty
.
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HAZARDOUS CHEMICAL SPILLS
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IM
PO
RT
AN
CE
:
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al
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ma
y
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e
di
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up
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on
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ti
c
co
mm
un
it
ie
s,
in
cr
ea
se
d
wa
te
r
tr
ea
tm
en
t
cos
t,
un
ma
rk
et
ab
il
it
y
of
fi
sh
er
y
re
so
ur
ce
s,
lo
ss
of
rec
rea
tio
nal
rev
enu
e
and
use
,
and
aes
the
tic
eff
ect
s.
Pre
sen
t
reg
ula
tio
ns
to
pre
ven
t
haz
ard
ous
che
mic
al
spi
lls
are
oft
en
imp
erf
ect
ly
car
rie
d
out
.
NEED: TECH ll—l
Eva
lua
tio
n o
f L
ong
—Te
rm
and
Sho
rt-
Ter
m E
ffe
cts
of
(Ca
tas
tro
phi
c)
Che
mic
al
Spills
OBJECTIVE:
To
inv
est
iga
te
the
rec
upe
rat
ive
pat
hwa
y o
f e
cos
yst
ems
aft
er
cat
ast
rop
hic
spil
ls w
ith
the
obje
ctiv
e of
dete
rmin
ing
reme
dial
acti
ons
to s
peed
reco
very
.
ISSUE: TECH 12 (NECESSARY)
LAND DISPOSAL OF LIQUID EFFLUENTS
STATEMENT: THE ECOLOGICAL AND HUMAN HEALTH IMPACTS OF LAND DISPOSAL OF
LIQUID EFFLUENTS ARE UNCLEAR. AS THIS PRACTICE IN CERTAIN SITUATIONS IS THE
MOST ECONOMIC AND PRACTICAL ALTERNATIVE, THE GAP IN KNOWLEDGE ABOUT ITS
IMPACTS COULD LEAD TO IMPROPER OR INAPPROPRIATE IMPLEMENTATION OR PREVENT ITS
USE WHEN ITS USE IS FEASIBLE.
IMPORTANCE: Improper application of liquid waste effluents to land sites
leads to eventual contamination of both surface and ground water resources.
The resultant degradation of water quality can pose both human health and
eco logical hazards .
NEED: TECH 12-1
Clarification of Transport Processes of Industrial/Municipal Wastes
OBJECTIVE:
To identify which components of industrial/municipal wastes are likely to be
transported to the lakes from land disposal sites.
To determine the mechanisms of transport, as a function of the type of waste,
the type of soil, climatic conditions and application procedure.
To determine the effect of such transport on lake water quality.
To determine how such transport can be prevented.
62
 NEED: TECH 12—2
Development of Criteria for the Design, Operation and Monitoring of Systems
for Land Disposal of Liquid Wastes
OBJECTIVE:
To evaluate existing land disposal systems.
NEED: 12—3
Disposal of Hazardous Wastes
OBJECTIVE:
To determine the water quality effects of disposal of hazardous wastes in
landfills.
To develop alternative means of disposing of hazardous wastes which are
currently disposed of in landfills.
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E:
SEP
1
(CRI
TICA
L)
THE
ROLE
OF S
OCIA
L VA
LUES
IN P
LANN
ING
THE
DECI
SION
—MAK
ING
PROC
ESSE
S
 
STA
TEM
ENT
:
WAT
ER
QUA
LIT
Y P
LAN
NIN
G A
ND
MAN
AGE
MEN
T H
AS
NOT
BEE
N C
ARR
IED
OUT
IN
HAR
MON
Y W
ITH
BRO
ADE
R S
OCI
AL
GOA
LS
AND
NEE
DS
AND
OFT
EN
HAS
RES
ULT
ED
IN
INE
FFE
C»
TIVE
OR I
N IN
EFFI
CIEN
T,
PIEC
EMEA
L PL
ANNI
NG E
FFOR
TS.
HIST
ORIC
ALLY
EACH
FACT
OR
HAS
BEEN
DEAL
T WI
TH A
S AN
INDI
VIDU
AL,
ISOL
ATED
COMP
ONEN
T OF
LAKE
MANA
GEME
NT.
CON
SEQ
UEN
TLY
, S
OCI
AL,
ECO
NOM
IC
AND
ENV
IRO
NME
NTA
L C
OST
S H
AVE
INC
REA
SED
WIT
H
MINIMAL NET BENEFITS IN TERMS OF ENHANCED ENVIRONMENTAL QUALITY.
WATE
R QU
ALIT
Y MA
NAGE
MENT
IS O
NE O
F AB
OUT
15 M
AJOR
FACT
ORS,
WHIC
H AR
E ES
SENT
IAL
TO T
HE C
ONTI
NUIN
G US
E AN
D VA
LUE
OF T
HE G
REAT
LAKE
S AS
A NA
TURA
L RE
SOUR
CE.
IMPORTANCE: Unless water quality management is guided by broader social
goals, all will have to bear the long—range political, economic and,eoological
consequences of "irrelevant planning".
NEED: SEP l-l
Identification of Public Plans and Goals
OBJECTIVE:
To identify what Great Lakes Basin residents believe they want for their
future modes and quality of life.
To consider what implications these desires pose for short-term and long-term
water management strategies.
NEED: SEP 1—2
Stimulation of Attitude Change
OBJECTIVE:
To identify incentives and techniques for stimulating changes in public
attitudes toward societal goals to facilitate improved water quality through
voluntary rather than enforced actions.
NEED: SEP 1-3
Identification of Principles for Integrating Water Quality and Related Water
and Land Resource Planning and Management
OBJECZTVE:
To provide controls for insuring that all planning and management activities
will complement each other.
To broaden the social goals for guiding water quality management.
To develop procedures for all agencies to use and apply principles listed.
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SSUE: SEP 2 (CRITICAL)
GUIDELINES T0 EVALUATE SOCIAL AND ECONOMIgﬁFACTORS IN WATER QUALITY DECISIONS
STATEMENT: N0 SOUND METHODOLOGIES EXIST TO ASSESS THE RELATIONSHIP BETWEEN
WATER QUALITY DECISIONS AND SOCIO—ECONOMIC SYSTEMS.
IMPORTANCE: No representation of the environment is complete if it lacks
biological, chemical, physical, social or economic factors. Without a method
for including all the impacts, the total environment cannot be considered in
decision-making, and decisions cannot be balanced.
NEED: SEP 2—1
Eval
uati
on o
f Cu
rren
t Me
thod
s fo
r An
alyz
ing
Soci
al a
nd E
cono
mic
Fact
ors
in
Water quality Decisions
OBJECTIVE:
To
imp
rov
e m
eth
ods
for
inc
orp
ora
tin
g s
oci
al
and
eco
nom
ic
fac
tor
s i
n w
ate
r
quality decisions.
To a
naly
ze c
urre
nt m
etho
ds
for
dete
rmin
ing
soci
al a
nd e
cono
mic
fact
ors
in
water quality decisions.
NEED: SEP 2—2
Dev
elo
pme
nt
of
Sou
nd
Met
hod
olo
gie
s f
or
Int
err
ela
tin
g S
oci
al
and
Eco
nom
ic
Factors
OBJECTIVE:
To
ass
ure
con
sid
era
tio
n o
f s
oci
al
and
eco
nom
ic
dec
isi
ons
on
wat
er
qua
lit
y,
and
the
eff
ect
s
of
wat
er
qua
lit
y
dec
isi
ons
on
soc
ial
and
eco
nom
ic
act
ivi
tie
s.
NEED: SEP 2~3
Rev
iew
and
Eva
lua
tio
n o
f P
ast
Exp
eri
enc
es
in
Inc
orp
ora
tin
g S
oci
al
and
Eco
nom
ic
Factors in Decisions Affecting Water Quality
OBJECTIVE:
To
rev
iew
and
eva
lua
te
the
typ
es
and
for
ms
of
soc
ial
and
eco
nom
ic
fac
tor
s
Con
sid
ere
d i
n e
val
uat
ing
imp
act
of
dev
elo
pme
nt
on
wat
er
qua
lit
y i
n t
he
Gre
at
Lakes Basin.
To
eva
lua
te
the
se
exp
eri
enc
es
and
dev
elo
p a
lte
rna
tiv
es.
   
 ISSUE: SEP 3 (CRITICAL)
SOCIAL—ECONOMIC—ENVIRONMENTAL—ENERGY (SEEE) IMPACTS OF DEVELOPMENT
STATEMENT:
CURRENTLY THERE ARE INADEQUATE METHODS OF ASSESSING THE ENERGY
IMPACTS OF PROPOSED DEVELOPMENTS AND CULTURAL PRACTICES AND EVALUATING THESE
ALONG WITH SOCIAL, ECONOMIC AND ENVIRONMENTAL IMPACTS (BOTH CUMULATIVE AND
INDIVIDUAL) 0N WATER AND RELATED LAND RESOURCES.
THEREFORE, THE ENERGY
IMPACT ELEMENT IS MISSING FROM INPUTS FOR POLICY MAKING AND IMPLEMENTATION RE
GREAT LAKES BASIN WATER AND LAND RESOURCE MANAGEMENT.
THE COST (SEEE) PRO—
JECTION FOR DEVELOPMENT OR CULTURAL PRACTICES DO NOT REFLECT ENERGY EXPENDI-
TURES FOR THEIR ACCOMPLISHMENT,
ENERGY WHICH IS THEREBY MADE UNAVAILABLE FOR
ALTERNATIVE USES.
IMPORTANCE:
If social,
economic,
environmental and energy impact and analysis
methodology can be revised or improved to identify costs,
benefits,and trade-
offs,
recommended alternative
solutions for
maintaining
and/or achieving
water quality standards could result and the overall quality of life in the
Great
Lakes
Basin
could
be
substantially
improved.
'
NEED: SEP 3—1
Integration
of
Existing Research
on Methodologies
and
Use
of
Results
in
Priority
Setting
for
Policy
Making
 
OBJECTIVE:
To review
and develop methodologies
for
large
systems
modelling
and evaluation
of alternatives.
To develop
and
identify
techniques
for
policy
evaluation
as
a basis
for
giving
assistance
to
decision—makers.
To extend
the methodologies
and techniques
to
all
agencies
in
the international
Great Lakes Basin.
NEED: SEP 3-2
Development
of
Impact
Analysis
Forecast
Techniques
and
Scenarios
OBJECTIVE:
To
develop
improved
systems
for
forecasting
future
resource
demands
on
the
basis
of
improved
population
growth
and
distribution
projections
so
that
impact
analysis
alternatives
can
be
related
to
future
demands
as
well
as
present supply.
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 NEED: SEP 3-3
Examination of the Impacts of Energy Parks
OBJECTIVE:
To
det
erm
ine
the
cos
t/b
ene
fit
of
ene
rgy
par
ks
on
emp
loy
men
t s
yst
ems
and
rel
ate
it
to impacts on existing employment centres.
To
dev
elo
p m
eth
odo
log
y f
or
ass
ess
ing
soc
ial
and
eco
nom
ic
imp
act
of
ene
rgy
parks on distribution and availability of employment.
NEED: SEP 3—4
Det
erm
ina
tio
n o
f t
he
Rel
ati
ons
hip
of
Ene
rgy
Par
ks
to
Coa
sta
l Z
one
Man
age
men
t
OBJECTIVE:
To
det
erm
ine
the
eff
ici
enc
y
of
ope
rat
ion
,
use
of
res
our
ces
and
ene
rgy
eff
ect
ive
-
nes
s
of
ene
rgy
par
ks
vs.
ind
ivi
dua
l
pla
nt
sit
es
in
the
coa
sta
l
zon
e.
To
det
erm
ine
the
eff
ect
tha
t
the
dev
elo
pme
nt
of
a l
arg
e
pow
er
gen
era
tio
n
pr
oj
ec
t
wo
ul
d
ha
ve
on
th
e
la
nd
us
e
pa
tt
er
ns
an
d
su
bs
eq
ue
nt
ch
an
ge
s
in
wa
te
r
qua
lit
y w
hic
h a
re
rel
ate
d t
o c
han
ges
in
lan
d u
se.
To
an
al
yz
e
th
e
ma
gn
if
ic
at
io
n
fa
ct
or
as
so
ci
at
ed
wi
th
en
er
gy
pa
rk
s
vs
.
in
di
vi
du
al
si
te
s,
es
pe
ci
al
ly
re
la
ti
ng
to
cu
mu
la
ti
ve
an
d
sy
mb
io
ti
c
re
la
ti
on
sh
ip
s.
IVE
ED:
SEP
3-5
An
al
ys
is
of
Co
ns
er
va
ti
on
an
d
Al
te
rn
at
iv
e
En
er
gy
So
ur
ce
s
OBJECTIVE:
To
de
ve
lo
p
me
ch
an
is
ms
to
en
su
re
th
e
in
cl
us
io
n
of
po
ss
ib
le
al
te
rn
at
iv
es
or
3
pr
ac
ti
ce
s
wh
ic
h
mi
gh
t
al
le
vi
at
e
th
e
pr
ob
le
ms
id
en
ti
fi
ed
in
en
er
gy
pr
oj
ec
ts
'
development.
NEED: SEP 3—6
Analysis of Energy Impact
OBJECTIVE:
To
de
ve
lo
p
me
th
od
ol
og
ie
s
fo
r
an
al
yz
in
g
an
d
as
se
ss
in
g
en
er
gy
su
pp
ly
/d
em
an
d
an
d
Co
st
/b
en
ef
it
of
ma
jo
r
de
ve
lo
pm
en
ts
to
as
se
ss
/e
va
lu
at
e
cu
mu
la
ti
ve
en
er
gy
d
e
m
a
n
d
s
f
o
r
th
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
or
r
e
g
i
o
n
a
l
c
o
m
p
o
n
e
n
t
s
of
th
e
s
ys
t
e
m
.
NEED: SEP 3—7
De
ve
lo
pm
en
t
of
Me
th
od
ol
og
ie
s
fo
r
Im
pa
ct
As
se
ss
me
nt
OBJECTIVE:
T
0
d
e
v
e
l
o
p
c
o
s
t
/
b
e
n
e
f
i
t
i
m
p
a
c
t
a
n
a
l
y
s
i
s
/
a
l
t
e
r
n
a
t
i
v
e
i
d
e
n
t
i
f
i
c
a
t
i
o
n
m
e
c
h
a
n
i
s
m
s
re
la
te
d
to
cu
lt
ur
al
pr
ac
ti
ce
s
su
ch
as
mi
ni
ng
,
ag
ri
cu
lt
ur
e,
en
er
gy
po
we
r
pa
rk
s
an
d
fo
re
st
ry
wh
ic
h
af
fe
ct
Gr
ea
t
La
ke
s
Ba
si
n
wa
te
r
qu
al
it
y
an
d
re
la
te
d
la
nd
resources.
.
.
T
o
i
d
e
n
t
i
f
y
a
l
t
e
r
n
a
t
i
v
e
s
o
l
u
t
i
o
n
s
t
o
w
a
t
e
r
q
u
a
l
i
t
y
p
r
o
b
l
e
m
s
.
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NEED: SEP 3—8
Development of Predictive Modeling
 
OBJECTIVE:
To
de
ve
lo
p
mo
de
li
ng
te
ch
ni
qu
es
fo
r
an
al
ys
is
of
th
e
ru
ra
l
Gr
ea
t
La
ke
s R
eg
io
n
wi
th
re
sp
ec
t
to
at
tr
ac
ti
on
of
po
pu
la
ti
on
s
fr
om
ot
he
r
re
gi
on
s
(f
ro
m
wi
th
ou
t
as
we
ll
as
fr
om
wi
th
in
th
e
Ba
si
n)
an
d
th
e
an
ti
ci
pa
te
d
im
pa
ct
s
of
th
es
e
po
pu
la
ti
on
s
on Great Lakes water quality.
IS
SU
E:
SE
P
4
(C
RI
TI
CA
L)
CO
MP
RE
HE
NS
IV
E
PL
AN
NI
NG
0F
CO
AS
TA
L
ZO
NE
MA
NA
GE
ME
NT
ON
AN
IN
TE
RN
AT
IO
NA
L
BA
SI
S
ST
AT
EM
EN
T:
TH
E
SO
CI
AL
,
EC
ON
OM
IC
AN
D
BI
OL
OG
IC
AL
IM
PO
RT
AN
CE
OF
PL
AN
NI
NG
CO
AS
TA
L
ZO
NE
S
ON
A
CO
MP
RE
HE
NS
IV
E
BA
SI
N-
IN
CL
US
IV
E—
BA
SI
S
[8
AN
AC
CE
PT
ED
RE
QU
IR
EM
EN
T
OF
ST
AT
ES
,
TH
E
PR
OV
IN
CE
,
FE
DE
RA
L
AN
D
RE
GI
ON
AL
GO
VE
RN
ME
NT
S
IN
BO
TH
NA
TI
ON
S.
HO
W—
EV
ER
,
TH
ER
E
IS
NO
IN
TE
RN
AT
IO
NA
L,
IN
TE
RS
TA
TE
OR
TR
AN
SN
AT
IO
NA
L
PL
AN
NI
NG
ON
A
CO
MP
RE
HE
NS
IV
E
BA
SI
S
FO
R
DE
VE
LO
PM
EN
TS
SU
CH
AS
PO
WE
R
PL
AN
T
SI
TI
NG
,
PU
BL
IC
AC
CE
SS
,
PO
RT
DE
VE
LO
PM
EN
T,
IN
DU
ST
RI
AL
DE
VE
LO
PM
EN
T
(L
AK
E—
AC
CE
SS
—D
EP
EN
DE
NT
),
ZON
ING
,
COA
STA
L
SIT
ING
— U
SE
REG
ULA
TIO
NS,
DEL
INE
ATI
ON
OF
CRI
TIC
AL
ARE
AS,
RE
GI
ON
AL
DI
SP
AR
IT
Y,
CO
AS
TA
L
RE
SO
UR
CE
IN
VE
NT
OR
IE
S,
AN
D
DA
TA
BA
SE
ME
TH
OD
OL
OG
Y.
IMP
ORT
ANC
E:
Wit
hou
t a
com
pre
hen
siv
e,
bas
in—
inc
lus
ive
pla
nni
ng
pro
ces
s
for
th
e
co
as
ta
l
zo
ne
of
al
l
the
Gr
ea
t
La
ke
s
on
an
in
te
rn
at
io
na
l
ba
si
s,
no
pr
og
ra
m
is entirely viable.
NEED: SEP 4—1
Sys
tem
s
Ana
lys
is
of
Alt
ern
ati
ves
(Tr
ade
—Of
f's
Ana
lys
is)
for
Ene
rgy
OBJECTIVE:
To
ana
lyz
e
the
int
ern
ati
ona
l
nee
d
for
ele
ctr
ica
l
ene
rgy
as
it
rel
ate
s
to
the
use of water resources.
To
det
erm
ine
whe
the
r
the
pow
er
pla
nt
"ne
eds
"
to
loc
ate
on
lak
e
sho
res
sho
uld
be reviewed.
To
exa
min
e
alt
ern
ati
ve
sou
rce
s
of
pow
er
app
rop
ria
te
to
cre
ati
ng
pro
jec
ted
quantities of electricity.
To
det
erm
ine
the
rel
ati
ons
hip
s
of
the
se
alt
ern
ati
ve
sou
rce
s
to
wat
er
use
and
water quality in the Great Lakes.
NEED: SEP 4—2
Industrial Dependency of the Great Lakes Water User
OBJECTIVE:
To
ide
nti
fy
the
typ
es
of
ind
ust
rie
s
tha
t
dep
end
on
wat
er
acc
ess
loc
ati
ons
for
their production processes.
To
app
ly
thi
s a
nal
ysi
s t
o c
urr
ent
ind
ust
ria
l l
oca
tio
n p
att
ern
s
in
the
Gre
at
Lakes area.
To determine locations that are not water—related.
To
ap
pl
y
th
e
re
su
lt
s
to
fu
tu
re
la
nd
us
e
pl
an
ni
ng
an
d
in
du
st
ri
al
de
ve
lo
pm
en
t.
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i
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I
I
I
I
I
I
I
I
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-
-
-
-
-
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.
I
 NEED: SEP 4-3
Cl
ar
if
ic
at
io
n
of
Pu
bl
ic
Us
e
Im
pa
ct
s
OBJECTIVE:
To
an
al
yz
e
th
e
in
te
r—
re
la
ti
on
sh
ip
s
of
th
e
pr
ov
is
io
n
of
pu
bl
ic
ac
ce
ss
to
th
e
Gr
ea
t
La
ke
s
an
d
th
e
us
e
of
th
es
e
la
ke
s
by
va
ri
Ou
s
ec
on
om
ic
cl
as
se
s
of
in
di
vi
—
duals in the Basin area.
To
de
te
rm
in
e
th
e
tr
ad
e—
of
f
of
pr
ov
id
in
g
su
ch
ac
ce
ss
wi
th
al
te
rn
at
iv
e
us
es
of
publicly owned properties.
To
as
se
ss
th
e
tr
an
sp
or
ta
ti
on
ne
ed
s
of
ec
on
om
ic
cl
as
se
s
as
pa
rt
of
pu
bl
ic
access strategies.
NEED: SEP 4—4
An
al
ys
is
of
In
st
it
ut
io
na
l
vs
.
Co
ns
tr
uc
ti
ve
So
lu
ti
on
s
to
Wa
te
r
Qu
al
it
y
an
d
Shore Zone Management
OBJECTIVE:
To
ev
al
ua
te
th
e
co
st
/b
en
ef
it
of
th
e
us
e
of
zo
ni
ng
an
d
la
nd
us
e
ch
an
ge
s/
co
nt
ro
ls
to
al
le
vi
at
e
lo
ss
es
du
e
to
sh
or
e
er
os
io
n,
ve
rs
us
us
e
of
sh
or
el
in
e
pr
ot
ec
ti
on
pr
oj
ec
ts
su
ch
as
is
la
nd
s,
br
ea
kw
at
er
s,
ha
rm
s,
an
d
re
ve
tm
en
ts
of
an
y
ty
pe
.
NEED: SEP 4-5
Im
pa
ct
of
Po
rt
A
n
c
i
l
l
a
r
y
I
n
d
us
t
r
i
a
l
D
e
ve
l
o
p
m
e
n
t
on
W
a
t
e
r
Q
ua
l
i
t
y
OBJECTIVE:
To
a
n
a
l
y
z
e
t
h
e
r
i
s
k
s
,
h
a
z
a
r
d
s
a
n
d
h
i
s
t
o
r
i
c
a
l
p
a
t
t
e
r
n
s
of
r
e
g
u
l
a
t
i
o
n
s
to
d
e
a
l
w
i
t
h
p
o
r
t
d
e
v
e
l
o
p
m
e
n
t
,
a
l
t
e
r
n
a
t
i
v
e
a
n
c
i
l
l
a
r
y
i
n
d
u
s
t
r
i
a
l
d
e
v
e
l
o
p
m
e
n
t
,
a
n
d
Great Lakes shipping.
T
o
a
n
a
l
y
z
e
v
e
s
s
e
l
r
e
g
u
l
a
t
i
o
n
a
s
it
r
e
l
a
t
e
s
t
o
p
o
r
t
d
e
v
e
l
o
p
m
e
n
t
t
o
h
a
n
d
l
e
"
r
i
S
k
y
"
c
a
r
g
o
e
s
,
b
a
l
l
a
s
t
d
i
s
p
o
s
a
l
,
a
n
d
s
h
i
p
f
u
e
l
s
o
u
r
c
e
s
.
NEED: SEP 4-6
'
N
W
,
4
a
.
»
.
.
.
.
D
e
t
e
r
m
i
n
a
t
i
o
n
o
f
t
h
e
P
r
a
c
t
i
c
a
l
i
t
y
o
f
W
i
n
t
e
r
N
a
v
i
g
a
t
i
o
n
OBJECTIVE:
T
o
a
n
a
l
y
z
e
t
h
e
i
n
t
e
r
n
a
t
i
o
n
a
l
,
e
c
o
n
o
m
i
c
a
n
d
e
n
v
i
r
o
n
m
e
n
t
a
l
e
x
p
e
c
t
a
t
i
o
n
s
o
f
b
e
n
e
f
i
t
s
f
r
o
m
W
i
n
t
e
r
n
a
v
i
g
a
t
i
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
.
T
o
p
e
r
f
o
r
m
c
o
s
t
/
b
e
n
e
f
i
t
a
n
a
l
y
s
e
s
o
f
s
e
a
s
o
n
e
x
t
e
n
s
i
o
n
,
i
n
c
l
u
d
i
n
g
a
n
a
l
y
s
i
s
o
f
t
h
e
d
i
r
e
c
t
i
m
p
a
c
t
s
o
n
n
a
v
i
g
a
t
i
o
n
a
n
d
t
h
e
i
n
d
i
r
e
c
t
i
m
p
a
c
t
s
o
n
a
l
t
e
r
n
a
t
i
v
e
t
r
a
n
s
p
o
r
t
a
t
i
o
n
s
y
s
t
e
m
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
r
e
g
i
o
n
.
T
o
a
s
s
e
s
s
t
h
e
p
h
y
S
i
c
a
l
i
m
p
a
c
t
s
o
n
l
a
k
e
e
c
o
s
y
s
t
e
m
s
o
f
t
h
e
t
e
c
h
n
o
l
o
g
y
r
e
l
a
t
e
d
to season extension.
T
O
d
i
s
c
o
v
e
r
t
h
e
i
m
p
a
c
t
o
f
e
x
t
e
n
d
i
n
g
t
h
e
s
h
i
p
p
i
n
g
s
e
a
s
o
n
o
n
t
h
e
p
r
o
p
e
r
t
y
v
a
l
u
e
0
f
l
a
n
d
i
m
m
e
d
i
a
t
e
l
y
b
e
i
n
g
a
f
f
e
c
t
e
d
b
y
s
e
a
s
o
n
e
x
t
e
n
s
i
o
n
.
T
o
a
n
a
l
y
z
e
p
o
s
s
i
b
l
e
e
c
o
n
o
m
i
c
c
o
s
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
i
n
c
r
e
a
s
e
d
d
a
n
g
e
r
s
l
e
a
d
i
n
g
‘i
t
o
l
o
s
s
o
f
l
i
v
e
s
a
n
d
e
q
u
i
p
m
e
n
t
.
 
 NEED: SEP 4—7
In
te
gr
at
io
n
of
No
rt
h
Am
er
ic
an
Na
ti
ve
Pe
op
le
s'
La
nd
s
in
Ba
si
n
Pl
an
ni
ng
OB
JE
CT
IV
E:
.
To
cl
ar
if
y
th
e
le
ga
l
po
si
ti
on
an
d
op
er
at
iv
e
ri
gh
ts
of
na
ti
ve
pe
op
le
s.
To
cl
ar
if
y
th
e
pl
an
ni
ng
pr
oc
es
s
as
it
ap
pl
ie
s
to
na
ti
ve
pe
op
le
s.
To
in
co
rp
or
at
e
na
ti
ve
pe
op
le
s
in
th
e
pl
an
ni
ng
pr
oc
es
s.
IS
SU
E:
SE
P
5
(C
RI
TI
CA
L)
TH
E
IM
PA
CT
S
OF
WA
TE
R
QU
AL
IT
Y
DE
CI
SI
ON
S
ON
SO
CI
AL
,
EC
ON
OM
IC
,
AN
D
PO
LI
TI
CA
L
SY
ST
EM
S
AN
D
TH
E
IM
PA
CT
OF
SO
CI
AL
,
EC
ON
OM
IC
AN
D
PO
LI
TI
CA
L
DE
CI
SI
ON
S
ON
WA
TE
R
QU
AL
IT
Y
PROBLEMS
ST
AT
EM
EN
T:
WI
TH
OU
T
A
FU
LL
UN
DE
RS
TA
ND
IN
G
OF
TH
E
PO
TE
NT
IA
L
EC
ON
OM
IC
DI
SL
OC
AT
IO
NS
,
PU
BL
IC
SE
RV
IC
E
NE
ED
S,
SO
CI
AL
BE
NE
FI
T
RE
QU
IR
EM
EN
TS
,
IN
ST
IT
UT
IO
NA
L
DE
MA
ND
S,
AN
D
AD
MI
NI
ST
RA
TI
VE
SU
PP
OR
T
RE
QU
IR
EM
EN
TS
,
WA
TE
R
QU
AL
IT
Y
DE
CI
SI
ON
S
AR
E
PR
IM
AR
IL
Y
BA
SE
D
ON
PH
YS
IC
AL
AN
D
BI
OL
OG
IC
AL
AS
SE
SS
ME
NT
S.
CO
NV
ER
SE
LY
,
MA
NY
SO
CI
AL
,
PO
LI
TI
CA
L,
AN
D
EC
ON
OM
IC
DE
CI
SI
ON
S
AR
E
MA
DE
WI
TH
OU
T
A
CL
EA
R
UN
DE
RS
TA
ND
IN
G
OF
TH
EI
R
IN
DI
VI
DU
AL
OR
CO
MB
IN
ED
IM
PA
CT
S
ON
PH
YS
IC
AL
AN
D
BI
OL
OG
IC
AL
LO
NG
—R
AN
GE
WA
TE
R
QU
AL
IT
Y
OB
JE
CT
IV
ES
.
PL
AN
NI
NG
FO
R
FU
TU
RE
WA
TE
R
QU
AL
IT
Y
MA
NA
GE
ME
NT
PR
OG
RA
MS
RE
QU
IR
ES
KN
OW
LE
DG
E
OF
A
WI
DE
R
BA
SI
S
OF
CA
US
ES
OF
WA
TE
R
QU
AL
IT
Y
DE
GR
AD
AT
IO
N,
IN
CL
UD
IN
G
EC
ON
OM
IC
DE
VE
LO
PM
EN
T,
GR
OW
TH
ST
RA
TE
GI
ES
,
LA
ND
MA
NA
GE
ME
NT
,
PO
PU
LA
TI
ON
DI
ST
RI
BU
TI
ON
AN
D
TR
AN
SP
OR
TA
TI
ON
PO
LI
CI
ES
.
NO
T
EN
OU
GH
IS
UN
DE
RS
TO
OD
AB
OU
T
TH
ES
E
AN
D
RE
LA
TE
D
MA
TT
ER
S
IN
RE
LA
TI
ON
TO
WA
TE
R
QU
AL
IT
Y
CO
NT
RO
L.
IM
PO
RT
AN
CE
:
wa
te
r
qu
al
it
y
de
ci
si
on
s
re
ga
rd
in
g
st
an
da
rd
—s
et
ti
ng
an
d
en
fo
rc
em
en
t
ma
y
cr
ea
te
in
eq
ui
ti
es
be
tw
ee
n
ar
ea
s
or
gr
ou
ps
.
If
th
e
pr
oc
es
s
of
po
si
ti
ve
pl
an
ni
ng
fo
r
wa
te
r
qu
al
it
y
is
no
t
im
pr
ov
ed
re
ac
ti
ve
pl
an
ni
ng
ba
se
d
on
so
ci
al
,
ec
on
om
ic
or
po
li
ti
ca
l
ex
ig
en
ci
es
wi
ll
co
nt
in
ue
.
Su
ch
co
nt
in
ue
d
co
nt
ro
l
of
wa
te
r
po
ll
ut
io
n
af
te
r
it
ha
s
oc
cu
rr
ed
is
li
mi
te
d
an
d‘
in
ef
fi
ci
en
t
in
re
so
ur
ce
ut
il
iz
at
io
n.
Un
le
ss
pr
ev
en
ti
on
is
gi
ve
n
gr
ea
te
r
at
te
nt
io
n
in
ke
y
so
ci
al
de
ci
si
on
-m
ak
in
g,
so
ci
et
y
wi
ll
no
t
be
ca
pa
bl
e
of
co
nt
ro
ll
in
g
wa
te
r
po
ll
ut
io
n.
NEED: SEP 5—1
Det
erm
ina
tio
n o
f
Rel
ate
d
Cos
ts
of
Wat
er
Qua
lit
y
to
Sou
rce
s
of
Eff
lue
nt
OBJECTIVE:
To
un
de
rs
ta
nd
th
e
co
st
s
of
an
en
fo
rc
em
en
t
de
ci
si
on
to
br
in
g
po
in
t
so
ur
ce
s
of
ef
fl
ue
nt
up
to
wa
te
r
qu
al
it
y
st
an
da
rd
s
so
th
at
if
th
es
e
co
st
s
ar
e
to
be
bo
rn
e
pu
bl
ic
ly
,
pr
iv
at
el
y,
or
no
t
at
all
,
pe
rs
on
s
af
fe
ct
ed
ca
n
be
ma
de
aw
ar
e
of
potential socio—economic and biophysical consequences.
74
NEED: SEP 5—2
Determination of Relationship of Costs of Water Control to Other Operating Costs
of Marginally Economic Industries
OBJECTIVE:
To
eva
lua
te
eco
nom
ic
dis
loc
ati
on
in
mar
gin
all
y e
con
omi
c i
ndu
str
ies
cau
sed
by
enforcement of water quality standards.
To
det
erm
ine
whe
the
r
rel
ief
fro
m
com
pli
anc
e
dem
and
s,
tem
por
ari
ly
or
per
man
ent
ly,
on
gro
und
s o
f e
con
omi
c h
ard
shi
p i
s a
jus
tif
iab
le
pol
icy
alt
ern
ati
ve.
NEED: SEP 5—3
An
al
ys
is
of
En
vi
ro
nm
en
ta
l
Tr
ad
e-
Of
f'
s
of
Va
ry
in
g
De
gr
ee
s
of
St
ri
ct
ne
ss
in
th
e
Enforcement of Water Quality Standards
 
OBJECTIVE:
To
es
ta
bl
is
h
th
e
re
le
va
nt
ra
ng
e
of
co
st
s
an
d
be
ne
fi
ts
re
la
te
d
to
no
n—
en
fo
rc
em
en
t
an
d
mo
de
ra
te
vs
.
st
ri
ct
en
fo
rc
em
en
t
of
wa
te
r
qu
al
it
y
st
an
da
rd
s
in
te
rm
s
of
so
ci
al
,
ec
on
om
ic
,
po
li
ti
ca
l
im
pa
ct
s
an
d
bi
op
hy
si
ca
l
ef
fe
ct
s.
NEED: SEP 5-4
Id
en
ti
fi
ca
ti
on
of
Pu
bl
ic
In
ve
st
me
nt
Al
te
rn
at
iv
es
to
Cl
os
in
g
No
n—
Ec
on
om
ic
In
du
st
ri
es
fo
r
No
n-
Co
mp
li
an
ce
wi
th
Wa
te
r
Qu
al
it
y
St
an
da
rd
s
OBJECTIVE:
To
in
ve
st
ig
at
e
bo
nd
in
g,
eq
ui
ty
or
pu
bl
ic
in
ve
st
me
nt
al
te
rn
at
iv
es
to
sp
re
ad
in
g
th
e
co
st
of
ra
is
in
g
ma
rg
in
al
ly
ec
on
om
ic
in
du
st
ri
al
pl
an
ts
to
wa
te
r
qu
al
it
y
st
an
da
rd
s
as
vi
ab
le
al
te
rn
at
iv
es
to
th
re
at
s
of
jo
b
lo
ss
du
e
to
in
du
st
ri
al
plant closings.
NEED: SEP 5-5
Es
ta
bl
is
hm
en
t
of
Pu
bl
ic
Se
rv
ic
e
Re
qu
ir
em
en
ts
OB
JE
CT
IV
E:
.
T
o
e
x
a
m
i
n
e
t
h
e
l
o
n
g
-
r
u
n
d
e
m
a
n
d
f
o
r
p
u
b
l
i
c
s
e
r
v
i
c
e
s
i
n
c
l
u
d
i
n
g
e
n
f
o
r
c
e
m
e
n
t
st
af
f,
so
ci
al
su
bs
id
y
to
co
mp
en
sa
te
fo
r
jo
b
lo
ss
,
se
wa
ge
tr
ea
tm
en
t
fa
ci
li
ti
es
,
et
c.
,
to
me
et
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
in
ar
ea
s
of
va
ry
in
g
po
pu
la
ti
on
si
ze
a
n
d
d
e
n
s
i
t
y
.
T
o
e
n
a
b
l
e
a
s
s
e
s
s
m
e
n
t
t
o
b
e
m
a
d
e
o
f
t
h
e
a
n
t
i
c
i
p
a
t
e
d
c
o
s
t
s
a
n
d
b
e
n
e
f
i
t
s
of
i
n
ve
s
t
i
n
g
in
an
d
s
t
a
f
f
i
n
g
to
m
e
e
t
wa
t
e
r
qu
al
it
y
ob
je
ct
iv
es
.
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 NEED: SEP 5—6
In
ve
st
ig
at
io
n
of
In
st
it
ut
io
na
l
Ca
us
es
of
Wa
te
r
De
gr
ad
at
io
n
in
So
ci
al
an
d
Economic Terms
OBJECTIVE:
To
re
la
te
ph
ys
ic
al
ev
id
en
ce
of
wa
te
r
qu
al
it
y
pr
ob
le
ms
to
in
st
it
ut
io
na
l
ca
us
es
in
or
de
r
to
pr
ov
id
e
as
si
st
an
ce
to
pl
an
ni
ng
bo
di
es
.
To
id
en
ti
fy
po
te
nt
ia
l
tr
ou
bl
e
sp
ot
s
an
d
av
oi
d
po
li
ti
ca
l,
so
ci
al
,
an
d
ec
on
om
ic
de
ci
si
on
s
wh
ic
h
mi
gh
t
cr
ea
te
fu
tu
re
wa
te
r
qu
al
it
y
pr
ob
le
ms
.
NEED: SEP 5‘7
Ex
pl
or
at
io
n
of
th
e
Na
tu
re
of
th
e
De
ci
si
on
—M
ak
in
g
Pr
oc
es
s
in
Pl
an
ni
ng
fo
r
Wa
te
r
Quality
OBJECTIVE:
To
de
sc
ri
be
th
e
dy
na
mi
cs
of
th
e
pl
an
ni
ng
pr
oc
es
s
as
it
im
pi
ng
es
up
on
wa
te
r
qu
al
it
y
by
id
en
ti
fy
in
g
th
e
de
ci
si
on
—m
ak
in
g
pr
oc
es
se
s
in
so
ci
al
,
ec
on
om
ic
an
d
po
li
ti
ca
l
institutions.
NEED: SEP 5—8
Ide
nti
fic
ati
on
of
Bas
ic
Cau
ses
of
Wat
er
Pol
lut
ion
 
OBJECTIVE:
To
de
te
rm
in
e
th
e
pr
ob
ab
le
im
pa
ct
s
on
wa
te
r
qu
al
it
y
of
ec
on
om
ic
gr
ow
th
,
la
nd
ma
na
ge
me
nt
st
ra
te
gi
es
,
po
pu
la
ti
on
di
st
ri
bu
ti
on
,
an
d
tr
an
sp
or
ta
ti
on
so
th
at
po
te
nt
ia
l
wa
te
r
qu
al
it
y
pr
ob
le
ms
ca
n
be
co
ns
id
er
ed
an
d
pr
ev
en
te
d.
IS
SU
E:
SE
P
6
(C
RI
TI
CA
L)
INF
ORM
ATI
ON
ADE
QUA
CY
FOR
THE
PUB
LIC
AND
POL
ICY
MAK
ER
STA
TEM
ENT
:
FOR
GOO
D W
ATE
R
QUA
LIT
Y
MAN
AGM
ENT
,
ACC
URA
TE
INF
ORM
ATI
ON
ON
WAT
ER
QU
AL
IT
Y
MU
ST
BE
AV
AI
LA
BL
E
IN
A
VA
RI
ET
Y
OF
FO
RM
AT
S
FO
R
A
VA
RI
ET
Y
OF
AU
DI
EN
CE
S
AN
D
USES.
IMP
ORT
ANC
E:
Bec
aus
e
dec
isi
on-
mak
ers
may
not
rec
ogn
ize
the
imp
ort
anc
e
and
com
ple
xit
y
of
a w
ate
r
qua
lit
y
pro
ble
m,
it
may
be
giv
en
low
pri
ori
ty
and
fun
din
g.
Whe
n c
iti
zen
s
do
not
und
ers
tan
d a
n
iss
ue,
the
y w
ill
not
pre
ssu
re
off
ici
als
to
sol
ve
the
pro
ble
m;
wil
l
not
sup
por
t
off
ici
als
who
pre
ss
for
sol
uti
ons
,
and
wil
l
not
fin
anc
ial
ly
sup
por
t
sol
vin
g
it.
Wit
hou
t
an
ade
qua
te
inf
orm
ati
on
bas
e,
pla
nne
rs
and
man
age
rs
can
not
per
for
m,
cit
ize
ns
can
not
be
inv
olv
ed
eff
ect
ive
ly,
ins
tit
uti
ona
l r
ela
tio
nsh
ips
are
wea
ken
ed,
the
leg
isl
a—
tiv
e r
egu
lat
ory
fra
mew
ork
is
les
s e
ffi
cie
nt
and
the
int
err
ela
tio
nsh
ip
of
the
eco
log
ica
l a
nd
eco
nom
ic
sys
tem
s i
s m
isc
ons
tru
ed.
If
ade
qua
te,
und
ers
tan
dab
le
wat
er
qua
lit
y i
nfo
rma
tio
n w
ere
ava
ila
ble
, b
eha
vio
ral
cha
nge
s l
ead
ing
to
fav
ora
ble
env
iro
nme
nta
l c
ons
equ
enc
es
cou
ld
be
mor
e q
uic
kly
acc
omp
lis
hed
.
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NEED: SEP 6-1
Deve
lopm
ent
of a
Soci
al P
rofi
le o
f th
e Gr
eat
Lake
s Ba
sin'
s Pu
blic
s
OBJECTIVE:
To identify publics to inform.
To characterize publics' awareness levels.
To
ena
ble
des
ign
of
eff
ect
ive
inf
orm
ati
ona
l m
ate
ria
ls.
To
as
si
st
in
in
fo
rm
at
io
n
pr
og
ra
ms
pl
an
ni
ng
(m
at
ch
in
g
of
in
fo
rm
at
io
n
ch
an
ne
ls
to audiences).
NEED: SEP 6—2
De
ve
lo
pm
en
t
of
Me
th
od
s
fo
r
Im
pr
ov
in
g
Na
ti
on
al
an
d
In
te
rn
at
io
na
l
Co
mm
un
ic
at
io
n
Linkages and Distribution
 
1y, OBJECTIVE:
To
le
ss
en
pu
bl
ic
mi
si
nf
or
ma
ti
on
an
d
mi
st
ru
st
.
To
in
cr
ea
se
pu
bl
ic
aw
ar
en
es
s
of
an
d
in
te
re
st
in
wa
te
r
qu
al
it
y
ma
tt
er
s.
To
in
cr
ea
se
in
fo
rm
at
io
n
ac
ce
ss
to
th
e
pu
bl
ic
.
To
in
cr
ea
se
us
e
of
in
fo
rm
at
io
n
by
pu
bl
ic
.
To
en
co
ur
ag
e
in
fo
rm
at
io
n
ex
ch
an
ge
am
on
g
id
en
ti
fi
ed
or
ga
ni
za
ti
on
s
an
d
in
di
vi
du
al
s.
NEED: SEP 6-3
Ch
ar
ac
te
ri
za
ti
on
of
th
e
Pr
oc
es
se
s
of
Wa
te
r
Qu
al
it
y
Po
li
cy
Fo
rm
ul
at
io
n
an
d
Implementation
OBJECTIVE:
To
d
e
ve
l
o
p
m
o
d
e
l
l
i
n
g
sy
st
em
s
wh
i
c
h
i
l
l
us
t
r
a
t
e
th
e
ge
ne
si
s
an
d
i
m
p
l
i
c
a
t
i
o
n
s
of
w
a
t
e
r
q
ua
l
i
t
y
p
r
o
b
l
e
m
s
an
d
as
si
st
in
e
s
t
a
b
l
i
s
h
i
n
g
p
r
i
o
r
i
t
i
e
s
an
d
m
a
k
i
n
g
decisions.
To
i
l
l
u
s
t
r
a
t
e
in
st
it
ut
io
na
l,
le
gi
sl
at
iv
e
an
d
r
e
g
ul
a
t
o
r
y
sy
st
em
s
i
n
t
e
r
a
c
t
i
n
g
with ecological/ economic issues.
NEED: SEP 6—4
D
e
v
e
l
o
p
m
e
n
t
of
an
In
te
rn
at
io
na
ll
y
In
te
gr
at
ed
I
n
f
o
r
m
a
t
i
o
n
S
ys
t
e
m
OBJECTIVE: .
To
pe
rm
it
th
e
tr
an
sl
at
io
n
of
so
ci
al
.
ec
on
om
ic
an
d
P0
11
ti
ca
l
fa
Ct
Or
S
in
to
water quality terms.
To develop an organized information 5
qua
lit
y
pro
ble
ms
ass
oci
ate
d w
ith
soc
ial
,
.
To
de
ve
lo
p
a
ca
ta
lo
gu
e
of
th
e
so
ur
ce
s
of
SO
Cl
a1
which are available.
To
cl
as
si
fy
th
e
ty
pe
s
of
da
ta
av
ai
la
bl
e-
y
s
t
e
m
w
h
i
c
h
p
e
r
m
i
t
s
a
n
a
l
y
s
i
s
o
f
w
a
t
e
r
e
c
o
n
o
m
i
c
a
n
d
p
o
l
i
t
i
c
a
l
c
o
n
d
i
t
i
o
n
s
.
,
e
c
o
n
o
m
i
c
a
n
d
p
o
l
i
t
i
c
a
l
d
a
t
a
(Continued)
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 To
un
de
rs
ta
nd
th
e
re
la
ti
on
sh
ip
of
po
pu
la
ti
on
sh
if
t
an
d
ec
on
om
ic
fo
rc
es
to
wa
te
r
us
es
an
d
to
re
su
lt
in
g
wa
te
r
qu
al
it
ie
s,
in
or
de
r
to
an
ti
ci
pa
te
fu
tu
re
tr
en
ds
in
la
nd
an
d
wa
te
r
us
e
ra
th
er
th
an
to
re
ac
t
to
th
em
.
To
es
ta
bl
is
h
a
da
ta
ba
nk
to
re
ce
iv
e
an
d
ma
ke
av
ai
la
bl
e
cu
rr
en
t
in
fo
rm
at
io
n
on
so
ci
al
,
ec
on
om
ic
an
d
po
li
ti
ca
l
fa
ct
or
s
in
a
fo
rm
an
d
of
a
ty
pe
us
ef
ul
to
planning groups.
To
id
en
ti
fy
ad
di
ti
on
al
in
fo
rm
at
io
n
re
qu
ir
em
en
ts
an
d
th
e
ty
pe
s
of
da
ta
.
To develop procedures for collection.
To
es
ta
bl
is
h
a
me
th
od
ol
og
y
fo
r
an
"o
pe
n"
in
fo
rm
at
io
n
sy
st
em
ac
ce
ss
ib
le
to
th
e
pu
bl
ic
an
d
ad
eq
ua
te
fo
r
wa
te
r
qu
al
it
y
an
d
re
la
te
d
la
nd
re
so
ur
ce
is
su
es
re
so
lu
—
tion.
To
en
co
ur
ag
e
tr
an
sn
at
io
na
l
pa
rt
ic
ip
at
io
n
in
wa
te
r
qu
al
it
y
ma
na
ge
me
nt
.
IS
SU
E:
SE
P
7
(C
RI
TI
CA
L)
CO
LL
AB
OR
AT
IO
N
AM
ON
G
PO
LI
TI
CA
L
JU
RI
SD
IC
TI
ON
S
IN
TH
E
EN
AC
TM
EN
T
AN
D
EN
FO
RC
EM
EN
T
OF
LE
GI
SL
AT
IO
N
AF
FE
CT
IN
G
WA
TE
R
QU
AL
IT
Y
 
ST
AT
EM
EN
T:
LE
GI
SL
AT
IO
N
OF
MA
NY
IS
SU
ES
HA
S
RA
MI
FI
CA
TI
ON
S
AF
FE
CT
IN
G
WA
TE
R
QU
AL
IT
Y.
TH
ER
E
AR
E
MA
NY
PO
LI
TI
CA
L
JU
RI
SD
IC
TI
ON
S
IN
TH
E
GR
EA
T
LA
KE
S
BA
SI
N
EN
AC
TI
NG
TH
IS
LE
GI
SL
AT
IO
N.
IN
CR
EA
SE
D
CO
LL
AB
OR
AT
IO
N
AM
ON
G
TH
ES
E
JU
RI
SD
IC
TI
ON
S
CO
UL
D
PR
EV
EN
T
BO
TH
CO
NF
LI
CT
S
AN
D
GA
PS
IN
TH
E
EN
FO
RC
EM
EN
T
OF
WA
TE
R
QU
AL
IT
Y
STANDARDS.
IM
PO
RT
AN
CE
:
Re
so
lu
ti
on
of
th
is
is
su
e
wi
ll
ai
d
in
es
ta
bl
is
hi
ng
mo
re
ne
ar
ly
un
if
or
m
wa
te
r
qu
al
it
y
st
an
da
rd
s
en
fo
rc
em
en
t
th
ro
ug
ho
ut
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Th
is
wi
ll
al
lo
w
th
e
Ba
si
n
to
be
ma
na
ge
d
mo
re
ne
ar
ly
as
a
sy
st
em
,
an
d
pr
om
ot
e
co
nf
li
ct
pr
ev
en
ti
on
an
d
re
so
lu
ti
on
in
ca
se
s
of
tr
an
s
bo
un
da
ry
ac
ti
vi
ti
es
.
Th
is
is
su
e
an
d
it
s
re
so
lu
ti
on
wi
ll
be
co
me
in
cr
ea
si
ng
ly
im
po
rt
an
t
as
so
ci
o—
ec
on
om
ic
fa
ct
or
s
be
co
me
mo
re
ev
id
en
t
in
wa
te
r
qu
al
it
y
de
ci
si
on
s.
NEED: SEP 7—1
Ex
am
in
at
io
n
of
Cu
rr
en
t
Wa
te
r
Qu
al
it
y
St
an
da
rd
s
an
d
Le
gi
sl
at
io
n
OBJECTIVE:
To
rev
iew
leg
isl
ati
on
to
det
erm
ine
the
ext
ent
of
gap
s
or
con
fli
cts
bea
rin
g
on
water quality.
To
pro
vid
e
inf
orm
ati
on
to
the
var
iou
s
enf
orc
ing
jur
isd
ict
ion
s
to
ena
ble
dev
elo
pme
nt
of
uni
for
m w
ate
r
qua
lit
y
sta
nda
rds
and
enf
orc
eme
nt
pat
ter
ns
throughout the Basin.
NEED: SEP 7-2
Exa
min
ati
on
of
Pot
ent
ial
Int
erj
uri
sdi
cti
ona
l
Col
lab
ora
tio
n
OBJECTIVE:
To
exp
lor
e m
ean
s b
y w
hic
h t
he
var
iou
s p
oli
tic
al
jur
isd
ict
ion
s i
n t
he
Gre
at
Lak
es
Bas
in
can
col
lab
ora
te
in
set
tin
g a
nd
enf
orc
ing
fut
ure
wat
er
qua
lit
y
decisions.
To p
romo
te a
syst
ems
mana
geme
nt a
ppro
ach
to w
ater
qual
ity
deci
sion
—mak
ing.
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 ISSUE: SEP 8 (CRITICAL)
PUBLIC PARTICIPATION IN DECISION-MAKING
STATEMENT: THE EXISTING DECISION—MAKING PROCESSES PRECLUDE EFFECTIVE AND
CREDIBLE PUBLIC PARTICIPATION IN WATER QUALITY PLANNING AND MANAGEMENT.
LMPORTANCE: The existing decision-making structures do not provide for the
incorporation of objective social, economic and political considerations of
the public to balance the technical aspects in water quality planning. The
result is decisions based on incomplete information.
NEED: SEP 8—1
Examination of Legal Requirements for Public Involvement
OBJECTIVE:
To examine present legal requirements for public involvement and develop
additional or alternative requirements.
To insure the public's right to participate, especially in Canada.
To increase the credibility of both public and private agencies or groups.
To provide an effective channel for conflict prevention, management and reso-
lution.
To open up the planning process to those who may otherwise be excluded.
NEED: SEP 8—2
Assessment of the Representativeness of Public Inputs
OBJECTIVE:
To assess the representativeness of the attitudes and opinions expressed by
the
pub
lic
(wh
en
par
tic
ipa
tor
y o
ppo
rtu
nit
ies
are
giv
en)
rel
ati
ve
to
wat
er
quality and related land uses.
To
dev
elo
p m
ean
s t
o e
lim
ina
te
any
exc
ess
inf
lue
nce
by
ves
ted
int
ere
sts
.
NEED: SEP 8—3
Development of Adequate Linkages and Holistic Approaches for Public (elected)
and
Pri
vat
e
(As
soc
iat
ion
s,
Pub
lic
Int
ere
st
Gro
ups
, V
est
ed
or
Spe
cia
l I
nte
res
t
Groups) Organizations
OBJECTIVE:
.
.
To
exa
min
e
pot
ent
ial
lin
kag
es,
opp
ort
uni
tie
s
for
hol
ist
ic
app
roa
che
s
and
cooperative efforts.
To develop processes for use of the identified links and opportunities-
To
de
cr
ea
se
so
ci
al
,
ec
ol
og
ic
al
an
d
ec
on
om
ic
co
st
s.
To
de
cr
ea
se
op
po
si
ti
on
to
wa
te
r
qu
al
it
y
pr
op
os
al
s.
.
d
To enc0urage understanding of the Precesses 0f water quallty management an
ci
ti
ze
n
ac
ti
on
by
pu
bl
ic
an
d
pr
iv
at
e
or
ga
ni
za
ti
on
s.
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 NEED: SEP 8—4
D
e
ve
l
o
p
m
e
n
t
of
an
I
n
t
e
r
a
c
t
i
ve
M
o
d
e
l
to
D
e
f
i
n
e
A
g
e
n
c
y
L
i
n
k
a
g
e
s
OBJECTIVE:
To
d
e
t
e
r
m
i
n
e
th
e
e
xi
s
t
i
n
g
an
d
o
p
t
i
m
um
li
nk
ag
es
e
xi
s
t
i
n
g
w
i
t
h
i
n
an
d
b
e
t
w
e
e
n
associated planning groups.
To
p
r
o
m
o
t
e
h
o
l
i
s
t
i
c
a
p
p
r
o
a
c
h
e
s
to
p
r
o
b
l
e
m
s
o
l
vi
n
g
by
a
g
e
n
c
i
e
s
an
d
p
l
a
n
n
i
n
g
grOups.
To
de
te
rm
in
e
al
te
rn
at
iv
e
li
nk
s
an
d
en
co
ur
ag
e
th
ei
r
us
e.
NEED: SEP 8-5
Ch
ar
ac
te
ri
za
ti
on
of
Ex
is
ti
ng
De
ci
si
on
-M
ak
in
g
Pr
oc
es
se
s
 
OBJECTIVE:
To
ex
am
in
e
th
e
ex
is
ti
ng
de
ci
si
on
-m
ak
in
g
pr
oc
es
se
s
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
To
de
te
rm
in
e
wh
er
e
an
d
ho
w
pu
bl
ic
pa
rt
ic
ip
at
io
n
ca
n
be
in
co
rp
or
at
ed
.
NEED: SEP 8—6
De
te
rm
in
at
io
n
of
th
e
Re
la
ti
on
sh
ip
of
De
gr
ee
of
Pu
bl
ic
Al
ie
na
ti
on
to
Lo
ca
ti
on
OBJECTIVE:
To
de
te
rm
in
e
wh
et
he
r
al
ie
na
ti
on
of
an
y
Gr
ea
t
La
ke
s'
pu
bl
ic
s
fr
om
pl
an
ni
ng
pr
oc
es
se
s
wo
ul
d
be
le
ss
en
ed
if
pl
an
ne
rs
we
re
"o
n
lo
ca
ti
on
".
To
de
ve
lo
p
al
te
rn
at
e
lo
ca
ti
on
s
to
as
su
re
op
ti
ma
l
ge
og
ra
ph
ic
pl
ac
em
en
t
of
planning entities.
To
ma
xi
mi
ze
pu
bl
ic
ac
ce
ss
an
d
op
po
rt
un
it
y
to
af
fe
ct
th
e
pl
an
ni
ng
pr
oc
es
s.
IS
SU
E:
SE
P
9
(E
SS
EN
TI
AL
)
ALTERNATE ENERGY SOURCES
ST
AT
EM
EN
T:
AL
TE
RN
AT
E
EN
ER
GY
SO
UR
CE
S
HA
VE
NO
T
BE
EN
FU
LL
Y
IN
VE
ST
IG
AT
ED
.
TH
EI
R
SO
CI
AL
,
EC
ON
OM
IC
,
AN
D
EC
OL
OG
IC
AL
EF
FE
CT
S
AR
E
UN
CL
EA
R.
IM
PO
RT
AN
CE
:
De
ve
lo
pm
en
t
of
al
te
rn
at
iv
e
en
er
gy
so
ur
ce
s
co
ul
d
ha
ve
co
ns
id
er
ab
le
ec
on
om
ic
im
pa
ct
on
in
du
st
ry
by
re
du
ci
ng
ov
er
he
ad
co
st
s
an
d
de
cr
ea
si
ng
th
e
ne
ed
fo
r
ne
w
po
we
r
si
ti
ng
s.
Al
te
rn
at
e
en
er
gy
so
ur
ce
s
co
ul
d
cr
ea
te
ne
w
in
du
st
ry
th
ro
ug
h
ma
nu
fa
ct
ur
in
g
an
d
co
ns
tr
uc
ti
on
.
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NEED: SEP 9—1
Investigation of Alternative Energy Sources, Implementation of Energy Conservation
 
OBJECTIVE:
To develop a social and economic basis for establishment of guidelines and
economic reinforcement measures for active and passive energy conservation
technique applications (solar, wind, tidal, geothermal, organic, etc.).
To identify all possible alternate energy sources for the Great Lakes Basin.
To evaluate the alternate sources identified in terms their social, economic
and ecological effects, and their energy effectiveness and efficiency.
ISSU
E:
SEP
10
(ESS
ENTI
AL)
COORDINATION AMONG PLANNING AGENCIES AND JURISDICTIONS
STA
TEM
ENT
:
THE
MUL
TIP
LIC
ITY
OF
PLA
NNI
NG
AND
MAN
AGE
MEN
T P
ROG
RAM
S T
HAT
DIR
ECT
LY
OR
IND
IRE
CTL
Y A
FFE
CT
THE
WAT
ER
QUA
LIT
Y O
F T
HE
GRE
AT
LAK
ES
CUS
TOM
ARI
LY
FOL
LOW
A S
ING
LE
MIS
SIO
N.
SPE
CIF
IC
DEF
INI
TIO
N O
F R
ESP
ONS
IBI
LIT
IES
AND
LIN
ES
0F
AUT
HOR
ITY
AMO
NG
WAT
ER
QUA
LIT
Y E
NFO
RCE
MEN
T A
ND
PLA
NNI
NG
AGE
NCI
ES
IS
LAC
KIN
G A
T
CRITICAL TRANSNATIONAL BOUNDARIES.
IMP
ORT
ANC
E:
Coo
rdi
nat
ion
can
bro
ade
n
the
soc
ial
and
eco
nom
ic
inf
orm
ati
on
bas
e,
can
ass
ure
a c
omp
reh
ens
ive
cov
era
ge
of
reg
ion
al
eco
nom
ic
and
soc
ial
as
se
ss
em
en
ts
,
ca
n
fo
cu
s
wo
rk
to
wa
rd
en
vi
ro
nm
en
ta
l
im
pr
ov
em
en
t,
ca
n
le
ad
to
a
mu
tu
al
re
in
fo
rc
em
en
t
of
pr
og
ra
m
ob
je
ct
iv
es
an
d
ca
n
re
su
lt
in
co
ns
is
te
nt
re
in
fo
rc
em
en
t
of
wa
te
r
qu
al
it
y
pr
og
ra
ms
an
d
th
e
sa
vi
ng
of
mi
ll
io
ns
of
do
ll
ar
s
in
st
ud
y
an
d
im
pl
em
en
ta
ti
on
cos
ts.
Wi
th
ou
t
sp
ec
if
ic
de
fi
ni
ti
on
of
re
sp
on
Si
-
bi
li
ty
an
d
au
th
or
it
y
th
er
e
is
a
la
ck
of
ac
co
un
ta
bi
li
ty
,
pu
bl
ic
ir
ri
ta
ti
on
an
d
inefficiency.
TED: SEP lO-l
Id
en
ti
fi
ca
ti
on
of
Ag
en
ci
es
,
Th
ei
r
Fu
nc
ti
on
s
an
d
Ju
ri
sd
ic
ti
on
s
OBJECTIVE:
To
id
en
ti
fy
na
ti
on
al
,
pr
ov
in
ci
al
,
st
at
e,
re
gi
on
al
an
d
lo
ca
l
la
nd
an
d
wa
te
r
Pl
an
ni
ng
ag
en
ci
es
di
re
ct
ly
or
in
di
re
ct
ly
af
fe
ct
in
g
th
e
wa
te
r
qu
al
it
y
of
th
e
Gr
ea
t
La
ke
s.
.
To
es
ta
bl
is
h
th
e
ex
te
nt
of
th
ei
r
ju
ri
sd
ic
ti
on
s,
th
ei
r
fu
nc
ti
on
s
an
d
ac
co
mp
li
sh
-
me
nt
s,
g
e
o
g
r
a
p
h
i
c
an
d
p
r
o
g
r
a
m
ov
er
la
ps
,
ga
ps
,
an
d
c
o
m
p
l
e
m
e
n
t
a
r
y
ac
ti
vi
ti
es
.
To
de
te
rm
in
e
wh
er
e
an
d
ho
w
ex
is
ti
ng
sy
st
em
s
sh
ou
ld
be
ch
an
ge
d.
NEED: SEP 10—2
De
ve
lo
pm
en
t
of
a
Sy
st
em
fo
r
Fi
ll
in
g
Pl
an
ni
ng
Ga
ps
an
d
Ra
ti
on
al
iz
in
g
Ov
er
la
ps
OBJECTIVE:
To
e
xa
m
i
n
e
r
e
s
o
ur
c
e
an
d
la
nd
us
e
pl
an
ni
ng
an
d
m
a
n
a
g
e
m
e
n
t
ga
ps
.
T0
d
e
v
i
s
e
p
r
o
g
r
a
m
c
h
a
n
g
e
s
t
h
a
t
w
o
u
l
d
e
l
i
m
i
n
a
t
e
a
c
t
i
v
i
t
i
e
s
t
h
a
t
a
d
v
e
r
s
e
l
y
af
fe
ct
th
e
wa
te
r
qu
al
it
y
of
th
e
Gr
ea
t
La
ke
s.
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NEED: SEP 10—3
E
x
t
e
n
s
i
o
n
of
C
o
l
l
a
b
o
r
a
t
i
o
n
i
n
W
a
t
e
r
Q
u
a
l
i
t
y
M
a
n
a
g
e
m
e
n
t
P
l
a
n
n
i
n
g
OBJECTIVE:
T
o
e
x
a
m
i
n
e
e
x
i
s
t
i
n
g
m
e
a
n
s
f
o
r
f
a
c
i
l
i
t
a
t
i
n
g
h
o
r
i
z
o
n
t
a
l
a
n
d
v
e
r
t
i
c
a
l
c
o
l
l
a
b
o
r
a
—
ti
on
am
on
g
pl
an
ni
ng
an
d
ma
na
ge
me
nt
ag
en
ci
es
.
T
o
d
e
v
i
s
e
m
e
a
n
s
o
f
i
m
p
r
o
v
i
n
g
a
n
d
e
x
t
e
n
d
i
n
g
t
h
i
s
c
o
l
l
a
b
o
r
a
t
i
o
n
t
h
r
o
u
g
h
o
u
t
t
h
e
Great Lakes Basin.
T
o
i
d
e
n
t
i
f
y
,
c
h
a
r
a
c
t
e
r
i
z
e
,
a
n
d
e
v
a
l
u
a
t
e
i
n
f
o
r
m
a
l
t
r
a
n
s
n
a
t
i
o
n
a
l
w
a
t
e
r
m
a
n
a
g
e
m
e
n
t
op
ti
on
s
in
lo
ca
l
bi
na
ti
on
al
ar
ea
s.
NEED: SEP 10—4
Ev
al
ua
ti
on
of
Pl
an
ni
ng
ia
nd
Ma
na
ge
me
nt
Pr
og
ra
ms
 
OBJECTIVE:
To
i
d
e
n
t
i
f
y
e
xi
s
t
i
n
g
la
nd
an
d
r
e
s
o
ur
c
e
p
l
a
n
n
i
n
g
pr
og
ra
ms
.
To
i
d
e
n
t
i
f
y
t
h
e
e
f
f
e
c
t
t
h
e
y
h
a
v
e
h
a
d
o
n
i
m
p
r
o
v
i
n
g
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
q
u
a
l
i
t
y
.
To
i
d
e
n
t
i
f
y
w
h
i
c
h
p
r
o
g
r
a
m
s
o
r
c
o
m
b
i
n
a
t
i
o
n
s
of
p
r
o
g
r
a
m
s
h
a
v
e
b
e
e
n
m
o
s
t
e
f
f
e
c
t
i
v
e
a
n
d
u
s
e
t
h
i
s
as
a
b
a
s
i
s
f
o
r
s
u
g
g
e
s
t
i
n
g
p
o
s
s
i
b
l
y
m
o
r
e
e
f
f
e
c
t
i
v
e
p
r
o
g
r
a
m
c
o
m
b
i
n
a
-
tions.
To
d
e
t
e
r
m
i
n
e
th
e
co
st
of
la
nd
an
d
r
e
s
o
ur
c
e
p
l
a
n
n
i
n
g
an
d
m
a
n
a
g
e
m
e
n
t
p
r
o
g
r
a
m
s
which are most cost—effective.
To
d
e
v
e
l
o
p
a
b
a
s
i
s
f
o
r
a
c
c
u
r
a
t
e
l
y
c
o
s
t
i
n
g
w
a
t
e
r
q
u
a
l
i
t
y
i
m
p
r
o
v
e
m
e
n
t
p
r
o
g
r
a
m
s
.
NEED: SEP 10—5
De
ve
lo
pm
en
t
of
Mo
de
ls
fo
r
De
ci
si
on
—M
ak
in
g
Me
th
od
s
OBJECTIVE:
To
de
si
gn
mo
de
ls
to
ch
ar
ac
te
ri
ze
th
e
de
ci
si
on
—m
ak
in
g
pr
oc
es
se
s
of
ag
en
ci
es
as
a basis for coordination.
NEED: SEP 10-6
De
ve
lo
pm
en
t
of
Pu
bl
ic
Un
de
rs
ta
nd
in
g
of
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
Re
sp
on
si
-
bilities
OBJECTIVE:
To
pr
ov
id
e
fo
r
pu
bl
ic
un
de
rs
ta
nd
in
g
of
I.
J.
C.
op
er
at
io
ns
an
d
pr
oc
es
se
s.
To
in
cr
ea
se
th
e
ac
co
un
ta
bi
li
ty
of
th
e
I.
J.
C
to
th
e
pu
bl
ic
.
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 ISSUE: SEP—ll (ESSENTIAL)
IMPROVED FORECASTING TECHNIQUES AND SCENARIOS AND CUMULATIVE LONG—TERM AFFECTS
OF CONSUMPTIVE USES
STATEMENT: THE FUTURE IMPACT OF PRIMARY INDUSTRIES (AGRICULTURE, FORESTRY,
MINING, POWER GENERATION) AND WATER TRANSPORTATION ON WATER QUALITY IS NOT
CLEAR. PREDICTIONS CANNOT BE MADE WITHOUT ESTIMATES OF FUTURE WATER NEEDS
AND USES. THESE ESTIMATES COULD BE PRODUCED BY USING TECHNIQUES OF SYSTEMS
ANALYSIS AND TECHNOLOGICAL FORECASTING, INCLUDING ANTICIPATED NET LOADINGS
OF NUTRIENTS, PESTICIDES, SEDIMENTS, METALLIC IONS, ETC., WHICH INPUTS
CHANGE THE QUALITY AND CAPABILITY OF THE WATER TO FULFILL NEEDS AND USES.
IMPORTANCE: Improved forecasting techniques and scenarios for these primary
sectors is critical for accurate assessment and to highlight important
areas for exploration of the social, economic and ecological effects.
These can lead to a better basis for integration and policy, leading to
improved water quality by prevention rather than cure. The cumulative
effect of all consumptive uses amounts to millions of gallons of water per
day. This volume on an overall basis will have a considerable effect on
the water quality and water supply. Consideration of the total consumptive
uses would indicate the costs to neighbouring users and the downstream
cumulative effect, as well as the social costs inflicted.
NEED: SEP ll—l
Dev
elo
pme
nt
of
For
eca
sti
ng
Sys
tem
Sce
nar
ios
of
Wat
er
Tra
nsp
grt
ati
on
OBJECTIVE:
To
dev
e10
p m
eth
odo
log
ies
and
tec
hni
que
s f
or
rev
iew
ing
the
dev
elo
pme
nt
of
wat
er
tra
nsp
ort
sys
tem
s a
nd
the
ir
int
era
cti
on
wit
h l
and
use
and
oth
er
tra
nsp
ort
mod
es
as
a b
asi
s f
or
ass
ess
men
t o
f a
lte
rna
tiv
e i
mpl
ica
tio
ns.
NEED: SEP 11—2
Imp
rov
eme
nt
of
For
eca
sti
ng
Tec
hni
que
s
for
Pri
mar
y
Ind
ust
rie
s
OBJECTIVE:
To
ev
ol
ve
im
pr
ov
ed
al
te
rn
at
iv
e
fo
re
ca
st
in
g
te
ch
ni
qu
es
fo
r
the
pr
im
ar
y
ind
ust
rie
s
on
a s
yst
ems
bas
is
as
a g
uid
e
to
the
alt
ern
ati
ves
for
the
pre
ven
tio
n
or
so
lu
ti
on
of
fu
tu
re
pr
ob
le
ms
in
te
rm
s
of
wa
te
r
qu
al
it
y
st
an
da
rd
s.
NEED: SEP 11—3
De
ve
lo
pm
en
t
of
Ur
ba
n-
In
du
st
ri
al
Sc
en
ar
io
s
fo
r
th
e
Gr
ea
t
La
ke
s
Ba
si
n
as
an
En
ti
ty
OB
JE
CT
IV
E:
_
T0
i
n
t
e
g
r
a
t
e
f
or
e
ca
s
t
da
ta
fo
r
th
e
to
ta
l
Ba
al
n.
'
To
pr
od
uc
e
al
te
rn
at
iv
e
ur
ba
n-
in
du
st
ri
al
sc
en
ar
io
s
wh
ic
h
hi
gh
li
gh
t
im
pe
nd
in
g
P
r
o
b
l
e
m
s
of
w
a
t
e
r
q
u
a
l
i
t
y
a
n
d
e
n
a
b
l
e
p
r
e
v
e
n
t
i
v
e
m
e
a
s
u
l
e
s
to
b
e
a
p
p
l
i
e
d
.
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NEED: SEP 11—4
De
ve
lo
pm
en
t
of
Fo
re
ca
st
in
g
of
Fu
tu
re
Re
qu
ir
em
en
ts
of
Wa
te
r
Us
ag
e
OBJECTIVE:
To
in
ve
st
ig
at
e
fu
tu
re
de
ve
lo
pm
en
t
an
d
th
e
ap
pl
ic
at
io
n
of
fu
tu
re
te
ch
no
lo
gy
to
en
ab
le
pr
ed
ic
ti
on
of
th
ei
r
ef
fe
ct
s
on
th
e
ef
fi
ci
en
cy
of
wa
te
r
us
e.
NEED: SEP 11—5
Ex
am
in
at
io
n
of
Po
pu
la
ti
on
Di
st
ri
bu
ti
on
an
d
De
ns
it
y
Al
te
rn
at
iv
es
OBJECTIVE:
To
ex
am
in
e
th
e
im
pl
ic
at
io
ns
of
th
e
em
er
gi
ng
Gr
ea
t
La
ke
s
Ba
si
n
me
ga
lo
po
li
s.
To
up
da
te
th
e
fi
nd
in
gs
of
pa
st
st
ud
ie
s
su
ch
as
th
e
Do
xi
ad
is
De
tr
oi
t—
Ed
is
on
st
ud
y,
No
rt
he
rn
Oh
io
Ur
ba
n
Sy
st
em
St
ud
y,
On
ta
ri
o
De
si
gn
fo
r
De
ve
lo
pm
en
t
an
d
Ce
nt
ra
l
On
ta
ri
o
La
ke
sh
or
e
Ur
ba
n
Co
mm
un
it
ie
s.
To
pr
ov
id
e
al
te
rn
at
iv
es
as
a
ba
si
s
fo
r
a
pr
ev
en
ti
ve
pl
an
ni
ng
pr
oc
es
s
to
im
pr
ov
e
fu
tu
re
wa
te
r
qu
al
it
y
an
d
se
t
a
ba
si
s
fo
r
mo
ni
to
ri
ng
.
NEED: SEP 11-6
De
te
rm
in
at
io
n
of
Cu
mu
la
ti
ve
an
d
Co
mb
in
ed
Ef
fe
ct
s
of
Ma
nu
fa
ct
ur
in
g
an
d
Construction
OBJECTIVE:
To
ev
al
ua
te
in
pu
ts
an
d
ou
tp
ut
s
to
la
ke
sy
st
em
s
fr
om
th
e
co
mb
in
ed
ef
fe
ct
s
of
ma
nu
fa
ct
ur
in
g
an
d
co
ns
tr
uc
ti
on
as
a
ba
si
s
fo
r
fu
rt
he
r
ev
al
ua
ti
on
of
th
e
cu
mu
la
ti
ve
co
ns
eq
ue
nc
es
of
de
ve
lo
pm
en
t.
To
pi
np
oi
nt
fu
tu
re
re
se
ar
ch
ar
ea
s
an
d
po
te
nt
ia
l
pr
ob
le
ms
.
IS
SU
E:
SE
P
12
(E
SS
EN
TI
AL
)
UN
EV
EN
AP
PL
IC
AT
IO
N
OF
WA
TE
R
QU
AL
IT
Y
RE
GU
LA
TI
ON
S
ST
AT
EM
EN
T:
WA
ST
E
DI
SC
HA
RG
E
PO
LI
CI
ES
,
TE
CH
NO
LO
GY
AN
D
RE
GU
LA
TI
ON
AR
E
ON
SU
B—
RE
GI
ON
AL
,
RE
GI
ON
AL
,
LO
CA
L,
ST
AT
E
AN
D
PR
OV
IN
CI
AL
LE
VE
LS
.
EC
ON
OM
IC
AN
D
WA
TE
R
QU
AL
IT
Y
CO
NS
EQ
UE
NC
ES
OF
TH
ES
E
AN
D
OF
TH
E
WA
TE
R
QU
AL
IT
Y
AG
RE
EM
EN
T
RE
GU
LA
TI
ON
S
RE
LA
TI
NG
TO
WA
ST
E
DI
SC
HA
RG
E
AN
D
PO
LI
CI
ES
AR
E
UN
EV
EN
LY
AP
PL
IE
D
AN
D
IN
EQ
UI
TA
BL
E.
IM
PO
RT
AN
CE
:
Th
e
go
al
s
of
the
Gr
ea
t
La
ke
s
wa
te
r
Qu
al
it
y
Ag
re
em
en
t
ca
nn
ot
be
ac
hi
ev
ed
wi
th
ou
t
co
ns
is
te
nc
y
of
po
li
ci
es
,
re
gu
la
ti
on
s
an
d
en
fo
rc
em
en
t
ac
ro
ss
the region.
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NEED: SEP lZ-l
Location Analysis
OBJECTIVE:
To
analyze
the
influence
of
multiple waste
discharge
policies
enforced by
provincial, state,
and local governmental units on the location decisions of
firms.
To identify the type of industry most susceptible to differing waste discharge
policies.
To utilize this analysis and identification in developing more coordination
of waste discharge policies between economic and agency units.
NEED: SEP 12-2
Economic Impact Analysis of the Water Quality Agreement
OBJECTIVE:
To analyze the economic effects resulting from the enforcement of the terms
of the Water Quality Agreement and of the 1972 amendments to PL92—500, the
U.S. Federal Water Pollution Control Act.
To determine the uniformity of these impacts across the Great Lakes Basin on
a regional (urban/rural) and international basis.
ISSUE: SEP 13 (NECESSARY)
REGIONAL DELINEATION
 
STATEMENT: REGIONS HAVE NOT BEEN DEFINED ON THE BASIS OF SOCIAL OR ECONOMIC
CRITERIA. THE INTERRELATIONSHIPS BETWEEN SOCIO—ECONOMIC AND ADMINISTRATIVE
REGIONS HAVE NOT BEEN ANALYZED AND THEIR SIGNIFICANCE IN PLANNING AND POLICY
ORIENTATION IS UNCLEAR. HOMOGENEOUS CHARACTERISTICS WITH RESPECT TO THE
GREAT LAKES REGION OR ITS SUB—REGIONS HAVE NOT BEEN IDENTIFIED.
IMPORTANCE: Administrative regions are not the same as economic regions, nor
are they necessarily useful planning units for economic analysis and analysis
and planning. This often leads to research and policies that do not relate
effectively to economic, social or environmental needs of an area.
NEED: SEP 13—1
The Definition and Identification of Economic Regions
OBJECTIVE:
To identify the principles (homogeneity, modality, etc.) of economic regional
delineation for application to the Great Lakes Basin area.
To identify multiple and overlapping regions for the specific research and
planning purposes towards which the regional delineation problem applies.
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NEED: SEP 13—2
Th
e
De
fi
ni
ti
on
an
d
Id
en
ti
fi
ca
ti
on
of
Ad
mi
ni
st
ra
ti
on
Re
gi
on
s
OBJECTIVE:
To
i
d
e
n
t
i
f
y
an
d
c
a
t
a
l
o
g
ue
th
e
m
ul
t
i
t
ud
e
of
a
d
m
i
n
i
s
t
r
a
t
i
o
n
s
(i
nc
lu
di
ng
pl
an
ni
ng
ag
en
ci
es
)
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
NEED: SEP 13—3
Comparative Analysis
 
OBJECTIVE:
To
an
al
yz
e
th
e
Ba
si
n
to
id
en
ti
fy
ar
ea
s
wi
th
si
mi
la
r
in
te
re
st
s
du
e
to
li
nk
s
wi
th
id
en
ti
fi
ed
ec
on
om
ic
or
ad
mi
ni
st
ra
ti
ve
re
gi
on
s.
To
de
ve
lo
p
gu
id
el
in
es
fo
r
po
li
ci
es
,
pr
og
ra
ms
an
d
pl
an
s
as
th
ey
re
la
te
to
or
in
te
rf
er
e
wi
th
re
gi
on
al
in
te
re
st
s
an
d
go
al
s.
IS
SU
E:
SE
P
14
(N
EC
ES
SA
RY
)
CO
MM
ER
CI
AL
SP
OR
T
FI
SH
IN
G
PO
TE
NT
IA
L
ST
AT
EM
EN
T:
IT
IS
DI
FF
IC
UL
T
TO
AS
SE
SS
TH
E
PO
TE
NT
IA
L
OF
CO
MM
ER
CI
AL
AN
D
SP
OR
T
FI
SH
ER
IE
S
AS
A
SO
UR
CE
OF
FU
TU
RE
PR
OT
EI
N
SU
PP
LI
ES
AN
D
RE
CR
EA
TI
ON
IN
ST
AN
DA
RD
EC
ON
OM
IC
TE
RM
S.
IN
FO
RM
AT
IO
N
ON
TH
E
PO
LL
UT
IO
N
EF
FE
CT
S
ON
TH
E
VI
AB
IL
IT
Y
OF
TH
E
GR
EA
T
LA
KE
S
FI
SH
ER
Y
IS
IN
AD
EQ
UA
TE
TO
MA
KE
EC
ON
OM
IC
DE
CI
SI
ON
S
AB
OU
T
IT
S
VALUE.
IM
PO
RT
AN
CE
:
Ma
in
te
na
nc
e
of
th
e
fi
sh
er
y
is
sy
no
ny
mo
us
wi
th
th
e
ma
in
te
na
nc
e
of
th
e
en
ti
re
ec
os
ys
te
m
fo
r
ne
ar
ly
al
l
ot
he
r
pu
rp
os
es
.
Wi
th
ou
t
th
e
ab
il
it
y
to
as
se
ss
th
e
va
Zu
e
of
th
e
fi
sh
er
y
in
ec
on
om
ic
te
rm
s,
it
is
di
ff
ic
ul
t
to
protect it.
NEED: SEP 14-1
Prediction of Impact
OBJECTIVE:
To
dev
elo
p
the
abi
lit
y
to
pre
dic
t
the
imp
act
(an
d
pro
spe
cti
ve
imp
act
)
of
the
fis
her
ies
ind
ust
ry
on
the
reg
ion
al
eco
nom
ics
of
the
Gre
at
Lak
es.
NEED: SEP 14—2
Def
ini
tio
n o
f
Alt
ern
ate
Use
s
of
Wat
er
Res
our
ces
OBJECTIVE:
To
dev
elo
p s
tan
dar
d p
ara
met
ers
to
com
par
e
soc
ial
and
eco
nom
ic
val
ues
of
bot
h
commercial and recreational fishing with other water uses.
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NEED: SEP 14-3
Interlinkage of Commercial and Sport Fishing
OBJECTIVE:
To analyze competition or compatibility between Great Lakes commercial and
sport fishing in relation to the total recreation activity.
ISSUE: SEP 15 (NECESSARY)
EFFECTIVENESS OF PRESENT LAWS TO REQUIRE CLEAN-UP AND PREVENT FURTHER
DETERIORATION OF WATER QUALITY
STATEMENT: LEGISLATION AND ITS APPLICATION IS THE MOST CONCRETE, BINDING AND
PUBLIC ARTICULATION OF SOCIETAL VALUES AND PRIORITIES. IT IS NOT KNOWN IF
CURRENT LEGISLATION AND STANDARDS PROVIDE NECESSARY PROHIBITIONS AGAINST LAND
OR WATER USES TO PREVENT FURTHER POLLUTION 0R ADEQUATE INCENTIVES TO WATER
USERS TO ABATE PRESENT OR TO AVOID FUTURE POLLUTION. IT IS NOT CLEAR IF THEY
PROVIDE A DETERRENT; WHETHER THE THREAT OF THEIR USE IS EFFECTIVE; IF THE
PRESENT SYSTEMS PROVIDE CLEAR STATEMENTS OF PURPOSE, POLICIES AND GUIDELINES
(T0 ADMINISTRATORS AND FIELD STAFF AND THE PUBLIC).
IMPORTANCE: Without adequate and enforceable laws which are based on sound
principles of environmental protection and comprehensive goals and purposes,
clean-up will not occur.
NEED: SEP 15-1
Revi
ew o
f th
e Ef
fect
iven
ess
and
Hist
oric
al R
esul
ts o
f Wa
ter
Qual
ity
Legi
slat
ion
OBJECTIVE:
To
det
erm
ine
the
eff
ica
cy
of
pre
sen
t c
ont
rol
met
hod
s;
the
lik
eli
hoo
d o
f
eff
ect
ive
enf
orc
eme
nt
and
imp
lem
ent
ati
on
of
leg
isl
ati
ve
pol
icy
pur
pos
es;
and
recommend alternatives if needed.
NEED: SEP 15—2
Im
pl
em
en
ta
ti
on
of
the
Pu
bl
ic
Pa
rt
ic
ip
at
io
n
Pr
oc
es
s
in
Le
gi
sl
at
io
n
OBJECTIVE:
To
an
al
yz
e
th
is
pr
oc
es
s
an
d
re
de
si
gn
it
to
pr
ov
id
e
th
e
gr
ea
te
st
in
pu
t,
wi
th
th
e
le
as
t
de
la
y,
co
st
an
d
li
ke
li
ho
od
th
at
the
pr
oc
es
s
wi
ll
be
us
ed
to
re
du
ce
th
e
ef
fe
ct
of
th
e
st
an
da
rd
s
in
st
ea
d
of
st
re
ng
th
en
in
g
th
em
.
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 NEED: SEP 15-3
Determination of the Cost and Benefits of Citizen Suits
 
OBJECTIVE:
To analyze the problems and benefits associated with providing citizens the
rights to challenge water quality standards in court.
NEED: SEP 15—4
Assessment of Legislated Water Quality Standards and the Adeqpacy of the
Decision-Making Process in Their Development
OBJECTIVE:
To scrutinize the adequacy of present standards.
To provide sufficient scientific and public input for the process of setting
standards.
To ensure the best decision to protect the water as a life—support system;
and to ensure water availability in sufficient quantity and quality for the
necessary and desirable uses that can be made of it.
ISSUE: SEP 16 (NECESSARY)
SOCIAL AND ECONOMIC IMPLICATIONS OF LAND AND WATER BASED TRANSPORTATION
STATEMENT: THE ROLE OF TRANSPORTATION AS A CAUSE OF WATER QUALITY DEGRADATION
IS UNCLEAR.
IMPORTANCE: Transportation affects industrial and population movements
(direct physical effects, induced efjects, growth patterns, industrial and
residential growth, etc.). These movements, in turn; influence the water use
and resulting water qualities of the Great Lakes. The interrelationships of
such movements have not been analyzed and need to be analyzed with emphasis
on rate structuring and taxation policies as they affect water use. Under-
standing these interrelationships would improve the ability to predict
industrial/population location decisions and the associated revenues generated
in relation to water quality.
NEED: SEP 16-1
Assessment of the Relationship Between Great Lakes Transportation and
Industrial Population Location and Water Quality
OBJECTIVE:
To catalog and compare existing rate and taxation policies of the various
administrative bodies
linked
to
the
Great
Lakes.
To assess rates and policies to determine competitive advantages.
To understand the impact of rate and taxation policies on the location of
population and industry in the Great Lakes region.
To assess the implication of industry/population location on water quality.
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NEED: SEP 16-2
Sys
tem
s A
nal
ysi
s o
f T
rad
e—O
ff'
s B
etw
een
Mod
es
of
Tra
nsp
ort
ati
on
Use
in
the
Great Lakes Area
OBOE TIVE:
To
ass
ess
the
eff
ect
s o
f c
urr
ent
pol
ici
es
suc
h a
s r
ail
roa
d a
ban
don
men
t a
nd
sub
sid
ies
on
tra
nsp
ort
ati
on
use
in
the
Gre
at
Lak
es
Bas
in
and
the
dir
ect
/in
-
direct impacts of this use on water quality.
ISS
UE:
17
(NE
CES
SAR
Y)
PRICING GREAT LAKES NATURAL RESOURCES
STA
TEM
ENT
:
PRI
CIN
G
IS
THE
MAJ
OR
COM
PON
ENT
OF
MAR
KET
MEC
HAN
ISM
S
IN
THE
U.S
.
AND
CAN
ADA
,
AND
ITS
POT
ENT
IAL
IN
EFF
ECT
ING
ENV
IRO
NME
NTA
L
CHA
NGE
HAS
NOT
BEE
N
EXPLORED.
IM
PO
RT
AN
CE
:
Th
e
ec
on
om
ie
s
of
bo
th
the
Un
it
ed
St
at
es
an
d
Ca
na
da
ha
ve
a
ma
jo
r
ma
rk
et
co
mp
on
en
t
wh
ic
h
ha
s
re
su
lt
ed
in
kn
ow
n
pa
tt
er
ns
of
ec
on
om
ic
de
ve
lo
pm
en
t
an
d
re
so
ur
ce
use
.
It
is
no
w
ti
me
fo
r
ea
ch
Go
ve
rn
me
nt
to
as
se
ss
th
e
wo
rk
in
gs
of
th
e
ma
rk
et
fo
r
po
ss
ib
le
mo
di
fi
ca
ti
on
to
wa
rd
s
the
go
al
of
es
ta
bl
is
hi
ng
ne
w
an
d
pr
ef
er
re
d r
es
ul
ts
.
Su
ch
as
se
ss
me
nt
s
co
ul
d
co
nt
ri
bu
te
to
im
pr
ov
ed
re
so
ur
ce
utilization.
NEED: SEP l7—l
An
al
ys
es
of
Ec
on
om
ic
Ef
fi
ci
en
cy
an
d
Re
so
ur
ce
Us
e
OBJECTIVE:
To
an
al
yz
e
em
pi
ri
ca
ll
y
th
e
ma
rk
et
,
it
s
al
lo
ca
ti
on
pr
oc
es
s,
it
s
ec
on
om
ic
ef
fi
ci
en
cy
,
an
d
th
e
pr
ic
in
g
of
re
sc
ur
ce
s
no
w
co
ns
id
er
ed
to
be
fr
ee
(n
ot
pr
ic
ed
)
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
To
ev
al
ua
te
th
e
fu
tu
re
of
th
e
ma
rk
et
as
an
al
lo
ca
ti
ve
me
ch
an
is
m
wi
th
re
sp
ec
t
to
th
e
us
e
of
th
e
Gr
ea
t
La
ke
s
re
so
ur
ce
s.
NEED: SEP 17-2
No
n-
Ma
rk
et
Al
lo
ca
ti
on
Re
se
ar
ch
OBJECTIVE:
To
in
ve
st
ig
at
e
po
ss
ib
le
al
te
rn
at
iv
es
or
su
pp
le
me
nt
s
to
th
e
ma
rk
et
as
an
allocative mechanism.
To
an
al
yz
e
th
e
im
pl
ic
at
io
ns
of
th
e
al
te
rn
at
iv
es
to
Gr
ea
t
La
ke
s
wa
te
r
us
e
an
d
resulting quality.
To
in
ve
st
ig
at
e
th
e
ma
rk
et
's
re
sp
on
se
sp
ee
d
an
d
th
at
of
th
e
id
en
ti
fi
ed
a
l
t
e
r
n
a
t
i
ve
s
to
p
e
r
c
e
i
ve
d
wa
t
e
r
q
ua
l
i
t
y
pr
ob
le
ms
.
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INTRODUCTION
The Research Advisory Board
(Appendix B) at its Tenth Meeting, January
1975, established the Research Needs Committee, as a Committee of the Board,
to provide a focus for the development of reports on the research needs
concerning the quality of the waters of the Great Lakes System.
This report
is the first such effort of the Research Needs Committee.
The Terms of
Reference of the Research Needs Committee are contained in Appendix C.
The objectives of this report tie directly to the research advisory
functions and responsibilities of the IJC; i.e.:
(l) to identify objectives for research activities relating
to Great Lakes water quality, and
(2) to tender advice and recommendations concerning Great
Lakes water quality research to the Parties of the Great
Lakes Water Quality Agreement and to the state and
provincial governments.
These objectives relate in part to the Terms of Reference of the Research
Advisory Board, Section 2(a) Appendix D).
The specific objectives of this report are:
(l) to identify Great Lakes water quality issues and their
priorities, and
(2) to identify the key research needs to resolve these issues.
For the purpose of this report, a Great Lakes water quality issue is
defined as a perceived or anticipated problem of significant magnitude which
significantly affects the uses of the Great Lakes System, which requires
research for solution and which requires executive or political decision. The
most important uses of the Great Lakes resource include drinking water and
aquatic life, which are the most sensitive. Others include recreation,
aesthetics, industry and agriculture. Great Lakes water quality research
shou
ld a
ddre
ss o
bjec
tive
s an
d so
lve
prob
lems
in o
rder
to i
mpro
ve w
ater
qual
ity
mana
geme
nt t
o be
tter
util
ize
the
Grea
t La
kes
reso
urce
s.
Rese
arch
must
addr
ess
impo
rtan
t is
sues
.
Each
issu
e ma
y ha
ve a
set
of r
esea
rch
need
s to
reso
lve
it.
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 APPROACH
One's perspective of the Great Lakes water quality system is fundamental
to the identification of issues and research needs to resolve the issues. The
Research Needs Committee discussed the subject of perspectives prior to the
development of the approach used in this report. Early in our deliberations,
a series of block diagrams was developed to depict the Great Lakes water
quality system. The three members of the Research Needs Committee had per—
spectives which varied in scale, scope, emphasis and detail. All three
perspectives were correct, but the issues and associated research needs were
incomplete relative to the total Great Lakes water quality system. A spectrum
of individual perspectives is required for completeness. As an example, one
perspective of the Great Lakes water quality system will be described.
Visualize the Great Lakes System comprising a physical system and an
aquatic ecosystem interrelated by dynamic physical, chemical and biological
. i .
processes and phenomena on a broad range of space and time scales, Figure l.
  
HUMANiACHVFHESINPUT NATURALINPUTS
l
WATERQUALHW’MANAGEMENT
   
    
  
 
   
  
PHYSCAL
SYSTEM
AQUATW
ECOSYSTEM
   
EFFECTS OF USES
OF GREAT LAKES
  
Figure l. A Great Lakes Water Quality Framework.
Natural inputs of energy and materials modify the physical systemand the
aquatic ecosystem of the Great Lakes and these in turn affect human activities
and uses of the Great Lakes. The effects of human activities such as waste
loading, structural changes and water withdrawals also modify the physical
system and the aquatic ecosystem which in turn influence the uses of the Great
Lakes. One can include water quality management through plans, control
measures and decision—making processes which modify human activityinputs to
the Great Lakes System on the basis of information feedback pertaining to the
physical system, the aquatic ecosystem and the effects upon priority uses of
the Great Lakes.
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 The
figure
is
an
idealized
representation
of
the
major
components
of
the
Great
Lakes
water
quality
system.
Our
perspectives
represent
our
concept
of
the organization of the Great Lakes environment.
The Research Needs Committee
perceived
that
a more
useful
conceptualization of
the
Great
Lakes
water
quality
system
could
be achieved
by
identifying
four major
components;
ecology;
waste
disposal technology; water quality related economic activities;
and social,
political and institutional water quality related activities.
It was
further
perceived that a research needs document on Great Lakes water quality would be
more useful if it addressed the major issues of this four—component environment,
(i.e. ecological issues;
technological issues;
economic issues; and social,
political and institutional issues).
Our initial attempt at defining these
four categories of issues went through several iterations and involved inter-
actions with all members of the Research Advisory Board's Standing Committees.
A tentative list of some 56 issues was prepared by the Research Needs Committee,
with the assistance of a Research Needs Report Ad Hoc Work Group (Appendix E),
to span the total environment of Great Lakes water quality, see Table 4.
Admittedly, the items in the list were of variable merit; some are true issues;
others are activities within which issues may exist; and some issues may not
have been identified.
INFORMATION COLLECTION
 
In an early attempt to develop an information base upon which to write a
research needs report, a research needs form was developed and a mailing sent
to some 1,500 members of the "Great Lakes Community" including the Research
Advisory Board's Standing Committees, the Water Quality Board, its committees
and subcommittees, the Upper Lakes Reference Group, the Reference Group on
Pollution from Land Use Activities, the Dredging Group, and selected members
of the scientific community. A significant response was received. A list of
individuals submitting research needs is contained in Appendix F. Analysis of
this data base indicated that it was largely incomplete. The major deficiency
was that large gaps were apparent in the coverage of the Great Lakes water
quality system as given by the previous example above and as indicated by the
perceived issues in Table 4. Some of the documented research needs addressed
valid Great Lakes issues.
In order to fill some of the gaps and insure broader consideration of the
total environment of Great Lakes water quality in the development of the
research needs document, the Committee decided to host a workshop of invited
experts from federal, provincial, and state agencies, and university and
private institutions from the United States and Canada. The 56 issues in
Table 4 were divided into 13 relatively homogeneous groups to facilitate the
in—depth identification of the important issues within the assigned scope of
each group and subsequently, the research needs to resolve these issues. Each
of the groups was under the direction of a chairman; each group had a total of
4 to 6 members.
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The participants
in the workshop were individually selected to provide a
proper balance of capability
to address
the issues and research needs within
the assigned scope of the group.
Participants were
chosen from the Research
Needs Committee,
the Research Needs Report Ad Hoc Work Group, selected members
of
the
Research Advisory
Board
and
its
Standing
Committees,
and
selected
members
outside
these
groups
with
known
expertise.
The scope of each workshop group is contained in Table 4, the partici—
pants
of each
group
are
listed
in Appendix
G
and
the
agenda
of
this workshop
is
contained
in Appendix
H.
An
initial
session
was
scheduled
for
the
group
chairmen and
was attended
by most
of
them.
At
the
initial
plenary
session,
a
perspective
for
the
Great
Lakes
water
quality
system was
discussed
similar
to
that
presented
above
and
guidance
was
given
to
the
participants.
The
most
sensitive
uses
of
the
Great
Lakes
were
given
as
top
priority:
drinking water
and
aquatic
life.
Other
significant
uses
of
the
Great
Lakes
include
recreation
and aesthetics,
industry
and
agriculture.
The
tabular
listing
of
Great
Lakes
water
quality
issues
and
research
needs,
Table
4 was
discussed.
The
in-
complete
nature
of
Table
4
was
Cited
and
the
need
emphasized
for
each
group
to
early—on
critically
review
and
discuss
the
list
assigned
and
to
define
the
highest
priority
issues
they
perceive
within
their
assigned
scope.
The
priority
of
research
needs
was
then
discussed
to
resolve
each
issue.
RESEARCH NEEDS FORM
A
form
for
documenting
Research
Needs
of
Great
Lakes
water
quality
issues
was
prepared
by
the
Research
Needs
Committee,
Table
5.
The
form
was
organized
so
that
the
issue
and
its
importance
were
to
be
clearly
documented.
There
was
space
to
define
a
sequence
of
research
needs
to
resolve
the
issue,
and
space
for
use
by
the
separate
panel
sessions
by
each
participant
to
rank
each
issue
within
three
broad
categories
of
issues
(i.e.
ecological
issues:
groups
1-5
and
13;
technological
issues:
groups
6—8;
and
social,
economic
and
political
issues:
groups
9-12).
Originally
four
pages,
the
form
has
been
presented
in
the
single
page
Table
5
to
show
the
pertinent
information
requested.
The
focus
of
the
form
in
Table
5
was
to
initially
define
the
Great
Lakes
water
quality
issues
in
terms
of
a
descriptive
title,
a
statement
of
the
issue
as
it
relates
to
Great
Lakes
water
quality
in
a
broad
perspective,
a
statement
of
the
importance
of
the
issue
and
the
group
ranking
of
the
issue.
The
group
ranking
was
a
frequency
distribution
of
the
issue
ranks
as
perceived
by
each
member
of
the
group
consistent
with
the
procedure
discussed
below.
The
first
page
of
Table
5
defined
the
Great
Lakes
water
quality
problem
and
its
importance
both
by
description
and
by
rank
category.
The
second
page
identified
the
specific
research
needed
to
resolve
the
issue
and
identified
the
importance
of
the
research
need
in
terms
of
a
group
rank
—
a
frequency
distribution
of
ranks
as
perceived
by
all
group
members.
The
fourth
page
was
a
form
used
in
the
final
three
concurrent
panel
sessions
for
participants
to
rank
each
issue
within
the
three
broad
issue
categories.
The
Research
Needs
Committee
strived
to
make
Table
5
as
simple
as
possible
and
to
include
only
those
q
ue
s
t
i
o
n
s
for
wh
i
c
h
i
n
f
o
r
m
a
t
i
o
n
wa
s
v
i
t
a
l
l
y
needed.
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PRIORITY RANKING PROCEDURE
The
priority
ranking
of
the
issues
and
the
research
needs
within
the
issues was
felt
to be
essential
to
insure
that
the
most
important
and pressing
issues
and
needs
would
be
identified.
Initial
discussions
of
the
Research
Needs
Committee
indicated
that
the
total
suggested
Great
Lakes
water
quality
related
issues
were
likely
too numerous
to
be considered
at a
single workshop.
The issues which were documented spanned the spectrum from those generally
conceded
to
be
of
a critical
nature
down
to
those
of
high
priority.
It was
felt
that
only
issues
of
greatest
importance
should
be
discussed
at the
workshop and those of medium or low priority should neither occupy the time
of participants at the session nor should such issues be of concern to the
Research Advisory Board.
To deal with issues which fall into the medium and
low priority categories would diminish the attention which should be placed
on the most critical ones.
Likewise, the research needs identified for each
issue are also only the most important.
Research needs of low priority are
purposely not brought forth.
Development of priorities for issues was a multi-stage process while the
development of priorities for research needs was a single stage process.
Work groups were asked to consider a Set of Great Lakes water quality issues
which had been prepared by the Research Needs Committee, Table 2. The groups
were asked to discuss and critically review the issues and to arrive at the
set within the assigned scope which they perceive to be of the highest priority.
The first step in the ranking process was, therefore, accomplished by the
group of experts for the problem area; they eliminated non—issues, added
important ones missed, and were restricted by time to work only with important
ones.
Each identified Great Lakes water quality issue was documented by the
group responsible for it and the research needs of highest priority associated
with it were identified. The group ranked these high priority issues and
research needs as to whether each was critical, essential or necessary. No
modification of these rankings of research needs within the various issues
was attempted as it was felt that the experts in the groups were best qualified
for this task. After all issues had been documented by the groups, a second
ranking of the issues took place within three categories: (1) ecological, (2)
technological, and (3) social, economic and political. Each participant of a
panel (see Appendix H) gave a preliminary ranking to all issues within that
category area. The preliminary rankings were tabulated and some issues were
discussed in a meeting of panel participants. The participants each developed
a final ranking for all issues within the categories.
The rankings for the issues within categories utilized the same ranking
basis as did the ranking of priorities of the research needs within issues.
Issues not of highest priority had been eliminated by the groups and only the
most important issues were considered in the ranking process. Of the ranked
issues, the most important were ranked critical, the next mostimportant were
ranked essential and the next were ranked necessary. Again, it should be
noted that all these issues were considered to be of high priority and the
ranking provided a means of categorization within high priority issues.
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Following the rankings within the three category areas, no further
grouping of the issues into a single list with new priorities was attempted
since it was believed that means of combining these sets of issues were
subjective. The ranking criteria were not believed to be consistent among the
three panels.
In processing the issues for this report, a rank value was obtained as a
weighted average of the frequency distribution of panel ranks with a weight
of 3 for critical issues, 2 for essential and l for necessary. It should be
noted that some panel members considered some issues to be of lower priority
rank than necessary and were given a rank of zero. This same process was
used to rank order research needs within each issue into the groups critical,
essential and necessary. In the editing process, the Research Needs Committee
combined many issues and needs and deleted others. A normalizing process was
applied to categorize the priority of the rank ordered issues and needs.
In developing this document, the Research Needs Committee discovered
duplications and related issues and needs which the Committee combined.
These changes affected the rank order of the issues and needs identified by
workshop participants. Therefore, the original system of ranking as critical,
essential and necessary was chosen for use in this document and only the
issues are ranked.
It should also be noted that no attempt was made to mix the rankings of
ecological issues, technological issues and social-economic—political issues.
While the same guidelines were given all three panels, the individual per—
ceptions of the rankings in terms of critical, essential and necessary appeared
to differ.
No attempt should be made, therefore, to combine the issues of
the three major categories. Workshop planners anticipated that differences
in perception would exist and believed that it would be desirable to separate
the
ranking
process
into
the
three
panel
categories.
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TABLE 4
GREAT
LAKES
WATER
QUALITY
ISSUES
AND RESEARCH NEEDS
-
A
"straw
man"
tabular
listing
of
issues
and
activities*
—
Pertaining
to
uses
of
the
Great
Lakes
0
Priority
1:
Drinking
Water
(human health,
etc.)
and Aquatic
Life
0 Priority 2: Recreation and Aesthetics, Industry and Agriculture
Broad Categories of GLWQ Issues
l—O-O Ecological issues
2-0-0 Technological issues
3-0-0 Economic issues
4-0-0 Social, political, institutional issues
GROUP 1—0-0 Ecological Issues
Oxygen depletion (nutrient enrichment)
Beach fouling with CZadophora (nutrient enrichment)
Algal blooms (nutrient enrichment)
Sediment load (physical hazard)
Thermal pollution (physical hazard)
Fish die-off
I
I
0
0
0
0
0
0
 
II 1—7—0 Chlorinated hydrocarbons (chemical hazard)
1-8-0 PCBs (chemical hazard)
1-9-0 Phthalate esters (chemical hazard)
l-lO-O Pesticides (chemical hazard)
l-ll-O Refractory organics (chemical hazard)
III 1-12-0 Radionuclides (chemical hazard)
1—13—0 Heavy metals (chemical hazard)
1-14-0 Asbestos (physical hazard)
IV 1-15—0 Microorganisms; e.g. fungi, molds (biological hazard)
1-16-0 Virus problems (biological hazard)
1-17-0 Bacteria (biological hazard)
V 1—18-0 Processes research
l-N-O Research Needs of N (-18) Ecological Issues
l-N-l Effects on biota (e.g. toxicity, sublethal, accumulation)
l-N-2 Budgets
1—N-3 Source identification
l-N—4 Transport and dispersal
l-N—S Fates, transformations and degradation
l-N—6 Rate determination
1-N—7 Exchange mechanisms (water, air, land, sediment and biota)
1-N—8 Distribution and variability
1-N—9 Simulation and prediction of water quality, aquatic
ecology and responses
l-N—lO Analytic sampling and measurements
l-N—ll Data acquisition and monitoring (include biological
indicators of water quality)
l-N-12 Data archive
(Cont'd)
*Th
is
lis
t w
as
pre
par
ed
by
the
Res
ear
ch
Nee
ds
Com
mit
tee
to
spa
n t
he
tot
al
env
iro
nme
nt
of
Gre
at
Lak
es
wat
er
qua
lit
y.
The
13
Gro
ups
are
ide
nti
fie
d f
or
the
pu
rp
os
e
of
or
ga
ni
zi
ng
the
197
6
Re
se
ar
ch
Ne
ed
s
Wo
rk
Se
ss
io
n.
  
  
VI
VII
VIII
IX
XI
XII
XIII
Technological Issues
Existing wastewater treatment (e.g. improved design,
operations and maintenance)
Phosphate removal
Nitrogen removal
Sludge disposal
Land disposal of wastes (e.g. virus survival)
Water supply
Regionalization of sewage systems
Sewer separation
Treatment of combined industrial-municipal loads
Urban storm runoff (e.g. treatment vs. source reduction)
Treatment of hazardous substances
Non-sewered domestic waste disposal (e.g. cost effective
treatment systems for individual homes applicable to
all drainage situations, boats)
Dredging and dredge spoil disposal
Oil spills
Water level regulations (effects)
Cooling water use
Research Needs of N (=16) Technological Issues
Assess or predict loads
Predict costs
Predict impact
Develop improved technology and management procedures
Systems studies of alternatives
Economic Issues (Water Quality Related Activities)
Manufacturing (e.g. pulp and paper)
Water transportation
Agriculture
Forestry
Mining
Energy production — power plants
Construction (public or private works)
Commercial fishing and sport
Water based recreation
Land transportation
Land based recreation
Coastal zone management
Research
Needs
of
N
(=12)
Economic
Issues
Assess or predict loads
Predict costs
Predict impact (benefits)
Develop
improved
technology
or
management
procedures
Systems studies of alternatives
Efficiency in resource allocation
Investment strategies
Financing, cost sharing
Social,
Political
and
Institutional
Issues
Water ualit Related)
Economic
development
in
relation
to
environmental
conservation
and
social
amenities
(trade-off's)
Equity iSSues
in water resources/water
quality
investments
Establishment
of
water
quality
legislation
and
regulation
Establishment
of objectives
in decision—making process
Population size and distribution
(present and future)
Public
education
regarding
water quality
issues
Institutional relations
Public involvement
Effects of water regulation on Great Lakes water quality
Human health
  
  
TABLE 5
RESEARCH NEEDS OF GREAT LAKES WATER QUALITY ISSUES
 
Issue Number: (Group - Sequence) —
 
Descriptive title of Issue
Statement of Issue in relation to water quality:
Importance of Issue from a social, economic or ecological point of view:
(3 is highest, list
frequency of group
members by category)
Identify rank of Issue: 1. 2. 3.
Issue Number: (Group — Sequence) —
Descriptive title of Research Need No. :
Research objective (what specifically is needed?):
Identify rank of Research Need: 1. 2. 3. (3 is highest, list
frequency of group
members by category)
Descriptive title of Research Needs No. :
Research objective:
Identify rankof Research Need: 1. 2. 3.
Descriptive title of Research Need No. :
Research objective:
Id
en
ti
fy
ra
nk
of
Re
se
ar
ch
Ne
ed
:
1.
2.
3.
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Dr. A. R. LeFeuvre (Chairman)
Director
Canada Centre for Inland Waters
Environment Canada
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Introduction
The
Rese
arch
Need
s Co
mmit
tee
was
esta
blis
hed
by v
ote
of t
he R
esea
rch
Adv
iso
ry
Boa
rd
at
its
Ten
th
Mee
tin
g,
Jan
uar
y 2
3,
1975
, a
s a
n e
xec
uti
ve
com
mit
tee
of
the
Boa
rd,
to
pro
vid
e a
foc
us
for
the
dev
elo
pme
nt
of
a r
epo
rt,
at
reg
ula
r i
nte
rva
ls,
on
the
res
ear
ch
nee
ds
con
cer
nin
g t
he
qua
lit
y o
f t
he
wat
ers
of
the
Gre
at
Lak
es
Sys
tem
.
The
rep
ort
wil
l i
den
tif
y p
rob
lem
s,
the
rea
son
s f
or
the
ir
imp
ort
anc
e,
the
gap
s i
n k
now
led
ge
whi
ch
the
res
ear
ch
wil
l
fil
l a
nd
the
ben
efi
ts
whi
ch
wil
l
res
ult
to
the
wat
er
qua
lit
y o
f t
he
Gre
at
Lak
es
and
to
soc
iet
y.
The
Ter
ms
of
Ref
ere
nce
of
thi
s C
omm
itt
ee
tie
dir
ect
ly
to
the
Ter
ms
of
Ref
ere
nce
of
the
Res
ear
ch
Adv
iso
ry
Boa
rd,
Sec
tio
n 2
(a)
.
Rec
ogn
izi
ng
tha
t t
he
ide
nti
fic
ati
on
of
res
ear
ch
nee
ds
is
a p
rim
ary
fun
cti
on
of
the
var
iou
s
Sta
ndi
ng
Com
mit
tee
s
of
the
Res
ear
ch
Adv
iso
ry
Boa
rd,
tha
t
res
ear
ch
nee
ds
are
als
o i
den
tif
ied
by
the
Wat
er
Qua
lit
y B
oar
d,
and
its
Ref
ere
nce
Gro
ups
,
and
oth
er
joi
nt
ins
tit
uti
ons
for
med
und
er
the
Wat
er
Qua
lit
y
Agr
eem
ent
,
the
Res
ear
ch
Nee
ds
Com
mit
tee
is
est
abl
ish
ed
to
pro
vid
e
a
foc
al
poi
nt
for
the
org
ani
zat
ion
,
ana
lys
is
and
doc
ume
nta
tio
n
of
res
ear
ch
nee
ds
inf
orm
ati
on
fro
m a
ll
per
tin
ent
sou
rce
s
for
the
Res
ear
ch
Adv
iso
ry
Board.
Functions
Wi
th
in
th
e
fu
nc
ti
on
s
an
d
re
sp
on
si
bi
li
ty
of
th
e
Re
se
ar
ch
Ad
vi
so
ry
Boa
rd,
the
fun
cti
ons
and
res
pon
sib
ili
tie
s
of
the
Res
ear
ch
Nee
ds
Com
mit
tee
are as follows:
1.
to
so
li
ci
t
in
fo
rm
at
io
n
on
re
se
ar
ch
ne
ed
s
fr
om
the
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
St
an
di
ng
Co
mm
it
te
es
,
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d,
its
Re
fe
re
nc
e
Gr
ou
ps
,
Co
mm
it
te
es
an
d
ot
he
r
jo
in
t
in
st
it
ut
io
ns
fo
rm
ed
un
de
r
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
of
19
72
,
an
d
ot
he
r
so
ur
ce
s
as
ap
pr
op
ri
at
e;
2.
to
or
ga
ni
ze
,
an
al
ys
e
an
d
ev
al
ua
te
th
e
re
se
ar
ch
ne
ed
s
information; and,
3.
to
pr
ep
ar
e,
at
re
gu
la
r
in
te
rv
al
s,
3
re
se
ar
ch
ne
ed
s
re
po
rt
fo
r
pr
es
en
ta
ti
on
to
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d.
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1.
As
us
ed
he
re
in
,
"r
es
ea
rc
h"
in
cl
ud
es
de
ve
lo
pm
en
t,
de
mo
ns
tr
at
io
n
an
d
re
se
ar
ch
ac
ti
vi
ti
es
,
bu
t
do
es
no
t
in
cl
ud
e
re
gu
la
r
mo
ni
to
ri
ng
an
d
su
rv
ei
ll
an
ce
of water quality.
2.
Th
e
fu
nc
ti
on
s
an
d
re
sp
on
si
bi
li
ti
es
of
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
re
la
ti
ng
to
re
se
ar
ch
ac
ti
vi
ti
es
in
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
co
nc
er
ni
ng
th
e
qu
al
it
y
of
th
e
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s
Sy
st
em
sh
al
l
be
as
fo
ll
ow
s:
(a
)
To
re
vi
ew
at
re
gu
la
r
in
te
rv
al
s
th
es
e
re
se
ar
ch
ac
ti
vi
ti
es
in
or
de
r
to
:
(i
)
ex
am
in
e
th
e
ad
eq
ua
cy
an
d
re
li
ab
il
it
y
of
re
se
ar
ch
re
su
lt
s,
th
ei
r
di
ss
em
in
at
io
n,
an
d
th
e
ef
fe
ct
iv
en
es
s
of
th
ei
r
ap
pl
ic
at
io
n;
(i
i)
id
en
ti
fy
de
fi
ci
en
ci
es
in
th
ei
r
sc
op
e,
an
d
in
ad
eq
ua
ci
es
in
th
ei
r
fu
nd
in
g
an
d
in
co
mp
le
ti
ng
sc
he
du
le
s;
(i
ii
)
id
en
ti
fy
ad
di
ti
on
al
re
se
ar
ch
pr
oj
ec
ts
th
at
sh
ou
ld
be
un
de
rt
ak
en
;
(i
v)
id
en
ti
fy
sp
ec
if
ic
re
se
ar
ch
pr
og
ra
ms
fo
r
wh
ic
h
in
te
rn
at
io
na
l
co
op
er
at
io
n
wi
ll
be
pr
od
uc
ti
ve
;
(b
)
To
pr
ov
id
e
ad
vi
ce
an
d
co
ns
ol
id
at
io
ns
of
sc
ie
nt
if
ic
op
in
io
n
to
th
e
Co
mm
is
si
on
an
d
it
s
bo
ar
ds
on
pa
rt
ic
ul
ar
pr
ob
le
ms
re
fe
rr
ed
to
th
e
Ad
vi
so
ry
Bo
ar
d
by
th
e
Co
mm
is
si
on
or
it
s
bo
ar
ds
;
(c
)
To
fa
ci
li
ta
te
bo
th
fo
rm
al
an
d
in
fo
rm
al
in
te
rn
at
io
na
l
co
op
er
at
io
n
an
d
co
or
di
na
ti
on
of
re
se
ar
ch
;
(d
)
To
ma
ke
re
co
mm
en
da
ti
on
s
to
th
e
Co
mm
is
si
on
.
3.
Th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
on
it
s
ow
n
au
th
or
it
y
ma
y
se
ek
an
al
ys
es
,
a
s
s
e
s
s
m
e
n
t
s
an
d
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
f
r
o
m
ot
he
r
p
r
o
f
e
s
s
i
o
n
a
l
,
ac
ad
em
ic
,
g
o
ve
r
n
m
e
n
t
a
l
or
i
n
t
e
r
g
o
ve
r
n
m
e
n
t
a
l
gr
ou
ps
ab
ou
t
th
e
p
r
o
b
l
e
m
s
of
th
e
Gr
ea
t
La
ke
s
wa
t
e
r
q
ua
l
i
t
y
r
e
s
e
a
r
c
h
a
n
d
r
e
l
a
t
e
d
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
.
4.
T
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
s
h
a
l
l
d
e
t
e
r
m
i
n
e
t
h
e
s
i
z
e
a
n
d
c
o
m
p
o
s
i
t
i
o
n
of
t
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
.
T
h
e
C
o
m
m
i
s
s
i
o
n
s
h
o
u
l
d
a
p
p
o
i
n
t
m
e
m
b
e
r
s
to
t
h
e
A
d
v
i
s
o
r
y
B
o
a
r
d
f
r
o
m
a
p
p
r
o
p
r
i
a
t
e
F
e
d
e
r
a
l
,
S
t
a
t
e
a
n
d
P
r
o
v
i
n
c
i
a
l
G
o
v
e
r
n
m
e
n
t
a
g
e
n
c
i
e
s
a
n
d
f
r
o
m
o
t
h
e
r
a
g
e
n
c
i
e
s
,
o
r
g
a
n
i
z
a
t
i
o
n
s
a
n
d
i
n
s
t
i
t
u
t
i
o
n
s
i
n
v
o
l
v
e
d
i
n
G
r
e
a
t
L
a
k
e
s
r
e
s
e
a
r
c
h
a
c
t
i
v
i
t
i
e
s
.
I
n
m
a
k
i
n
g
t
h
e
s
e
a
p
p
o
i
n
t
m
e
n
t
s
t
h
e
C
o
m
m
i
s
s
i
o
n
s
h
o
u
l
d
c
o
n
s
i
d
e
r
i
n
d
i
v
i
d
u
a
l
s
f
r
o
m
t
h
e
a
c
a
d
e
m
i
c
,
s
c
i
e
n
t
i
f
i
c
a
n
d
i
n
d
u
s
t
r
i
a
l
c
o
m
m
u
n
i
t
i
e
s
a
n
d
t
h
e
g
e
n
e
r
a
l
p
u
b
l
i
c
.
M
e
m
b
e
r
s
h
i
p
s
h
o
u
l
d
b
e
b
a
s
e
d
p
r
i
m
a
r
i
l
y
u
p
o
n
a
n
i
n
d
i
v
i
d
u
a
l
'
s
q
u
a
l
i
f
i
c
a
t
i
o
n
s
a
n
d
p
o
t
e
n
t
i
a
l
c
o
n
t
r
i
b
u
t
i
o
n
t
o
t
h
e
w
o
r
k
o
f
t
h
e
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R
e
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e
a
r
c
h
A
d
v
i
s
o
r
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B
o
a
r
d
s
h
o
u
l
d
w
o
r
k
a
t
a
l
l
t
i
m
e
s
i
n
c
l
o
s
e
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
t
h
e
G
r
e
a
t
L
a
k
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a
l
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t
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B
o
a
r
d
.
  
  
IIESEMIIJII nuns IIH'IIIII
All llllll WIIIIK lilllllll'
Dr.
E.
J.
Aub
ert
,
Gre
at
Lak
es
Env
iro
nme
nta
l
Res
ear
ch
Lab
.,
Ann
Arb
or,
Mic
hig
an
(Chairman)
Dr.
H.
E.
All
en,
Ill
ino
is
Ins
tit
ute
of
Tec
hno
log
y,
Chi
cag
o,
Ill
ino
is
Mr.
G.
Ba
ng
ay
,
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
Bu
rl
in
gt
on
,
On
ta
ri
o
Dr
.
A.
F.
Ba
rt
sc
h,
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
Ce
nt
er
,
Co
rv
al
li
s,
Or
eg
on
Dr
.
W.
Br
un
gs
,
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
La
bo
ra
to
ry
,
Du
lu
th
,
Mi
nn
es
ot
a
Mr
.
L.
T.
Cr
oo
k,
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
An
n
Ar
bo
r,
Mi
ch
ig
an
Mr
.
S.
K.
Kr
is
hn
as
wa
mi
,
Na
ti
on
al
En
er
gy
Bo
ar
d,
Ot
ta
wa
,
On
ta
ri
o
Dr
.
A.
R.
Le
Fe
uv
re
,
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
Bu
rl
in
gt
on
,
On
ta
ri
o
Dr
.
C.
H.
Mo
rt
im
er
,
Un
iv
er
si
ty
of
Wi
sc
on
si
n,
Mi
lw
au
ke
e,
Wi
sc
on
si
n
Dr
.
M.
D.
Pa
lm
er
,
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t,
To
ro
nt
o,
On
ta
ri
o
Dr
.
A.
Ro
be
rt
so
n,
Gr
ea
t
La
ke
s
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
La
b.
,
An
n
Ar
bo
r,
Mi
ch
ig
an
Mr
.
W.
H.
Sc
hr
oe
de
r,
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
Bu
rl
in
gt
on
,
On
ta
ri
o
Dr
.
H.
Sh
ea
r,
IJ
C
Re
gi
on
al
Of
fi
ce
,
Wi
nd
so
r,
On
ta
ri
o
Dr
.
W.
So
nz
og
ni
,
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
An
n
Ar
bo
r,
Mi
ch
ig
an
Dr
.
G.
J.
St
op
ps
,
On
ta
ri
o
Mi
ni
st
ry
of
He
al
th
,
To
ro
nt
o,
On
ta
ri
o
Dr
.
N.
W.
Sc
hm
id
tk
e,
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
Bu
rl
in
gt
on
,
On
ta
ri
o
Dr
.
R.
A.
Vo
ll
en
we
id
er
,
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
,
Bu
rl
in
gt
on
,
On
ta
ri
o
Dr
.
A.
E.
P.
Wa
ts
on
,
IJ
C
Re
gi
on
al
Of
fi
ce
,
Wi
nd
so
r,
On
ta
ri
o
(Secretariat)
 
 
 [IS] Ill IHIIWIIIIIMS SIIIIHIIIIIB
Dr. Perry D. Anderson
Concordia University
1455 de Maisonneuve Blvd.
Dept. of Biol. Science
Sir George Williams Campus
Concordia University
Montreal, Quebec H36 1M8
Dr. Eugene J. Aubert
NOAA, Great Lakes Environmental
Research Lab.
2300 Washtenaw Avenue
Ann Arbor, Michigan 48104
Prof. David R. Barton
Dept. of Biology
University of Waterloo
Waterloo, Ontario N2L 3G1
Prof. T. E. Bates
University of Guelph
Guelph, Ontario N1G 2W1
Mr. J. P. H. Batteke
Environment Canada
Social Sciences Division
Inland Waters Directorate
Ontario Region
P. 0. Box 5050
Bu
rl
in
gt
on
,
On
ta
ri
o
L7
R
4A
6
Dr. G. E. Birchfield
De
pt
s.
of
En
gi
ne
er
in
g
Sc
ie
nc
es
an
d
Geological Sciences
N
o
r
t
h
we
s
t
e
r
n
U
n
i
v
e
r
s
i
t
y
Ev
an
st
on
,
Il
li
no
is
60
20
1
Pr
of
.
Wa
lt
er
J.
Bl
ae
de
l
Pr
of
es
so
r
of
Ch
em
is
tr
y
D
e
p
a
r
t
m
e
n
t
o
f
C
h
e
m
i
s
t
r
y
U
n
i
v
e
r
s
i
t
y
o
f
W
i
s
c
o
n
s
i
n
Madison, WI 53706
109
Mr. R. Beauchemin
Acting Director, Ontario Region
Inland Waters Directorate
135 St. Clair Avenue West
Toronto, Ontario M4V 1P5
Mr. Kyle Bishop
Division of Environmental Health
Minnesota Department of Health
717 S. E. Delaware St.
Minneapolis, Minn. 55440
Mr. Louis J. Breimhurst, P. E.
Director, Division of Water Quality
Minnesota Pollution Control Agency
1935 W. County Road 32
Roseville, Minnesota 55113
Prof. N. Wilson Britt
Ohio State University
Dept. of Entomology
1735 Neil Avenue
Columbus, Ohio 43210
Mr. D. W. Brown
Water Planning & Management Br.
Ontario Region
Inland Waters Directorate
Environment Canada
P. O. Box 5050
Burlington, Ontario L7R 4A6
Mr. J. R. Brown
Institute for Environmental Studies
University of Toronto
Toronto, Ontario M55 1A8
Mr. Charles B. Carter
Geologist
Oh
io
Di
vi
si
on
of
Ge
ol
og
ic
al
Su
rv
ey
P. 0. Box 650
Sandusky, Ohio 44870
 $
7
.
3
3
2
“
s
e
a
m
.
-
3
.
Dr. A. S. Y. Chau
Water Quality Branch (Ontario Region)
CCIW, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
Mr. M. Chiba
Research Station, Agriculture Canada
P. O. Box 185
Vineland Station, Ontario LOR 2E0
Mrs. F. Choi
Institute for Environmental Studies
Haultain Building
University of Toronto
Toronto, Ontario M55 1A8
Mrs. L. Y. Chow
Institute for Environmental Studies
Haultain Building
University of Toronto
Toronto, Ontario M55 1A8
Mr. A. G. Clark
Institute for Environmental Studies
University of Toronto
Toronto, Ontario M53 1A8
Mr. Mike Conlin, Chief
Division of Fisheries
State of Illinois Dept. of Conservation
605 State Office Building
400 South Spring Street
Springfield, Ill. 62706
Mr. David G. Cook
Department of the Environment
Fisheries and Marine Service
Great Lakes Biolimnology Laboratory
Canada Centre for Inland Waters
Burlington, Ontario L7R 4A6
Dr. G. T. Csanady
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543
Miss C. B. Deng
Institute for Environmental Studies
Haultain Building
University of Toronto
Toronto, Ontario MSS 1A8
110
Mr. B. J. Dutka
CCIW Microbiology Laboratories Section
P. O. Box 5050
Burlington, Ontario L7R 4A6
Mr. A. Eatock
Environment Canada
Social Sciences Division
Inland Waters Directorate
P. O. Box 5050
Burlington, Ontario L7R 4A6
Mr. Floyd C. Elder
Canada Centre for Inland Waters
P. O. Box 5050
Burlington, Ontario L7R ﬁA6
Mr. Robert M. Engler
U. S. Army Engineer Waterways Experiment
Station, CE
Environmental Effects Laboratory
P. O. Box 631
Vicksburg, Mississippi 39180
Prof. P. Fritz
Dept. of Earth Sciences
University of Waterloo
Waterloo, Ontario N2L 3G1
Prof. Charles H. Fuchsman, Director
Center for Environmental Studies
Bemidji State College
Bemidji, Minnesota 56601
Prof. F. M. Galloway, Jr.
Dept. of Chemical Engineering
The Cleveland State University
Cleveland, Ohio 44115
Mr. R. T. Gedney
NASA Lewis Research Center MS 301-1
21000 Brookpark Road
Cleveland, OH 44135
Prof. Gerald G. Gerloff
Chairman, Department of Botany
University of Wisconsin-Madison
139 Birge Hall
430 Lincoln Drive
Madison, Wisconsin 53706
(Cont'd)
 
  
Rear Admiral J. S.
U. S. Coast Guard
Ninth Coast Guard District
1240 E. 9th Street
Cleveland, Ohio 44199
Gracey
Dr. Theodore Green III
Marine Studies Center
University of Wisconsin
2258 Engineering Bldg.
Madison, Wisconsin 53706
Mr. Albert Harr, Geologist
U. S. Geological Survey
Water Resources Division
1815 University Avenue
Madison, Wisconsin 53706
Mr. Frederick F. Heisel, Director
Division of Environmental Health
Minnesota Dept. of Health
717 S. E. Delaware St.
Minneapolis, Minn. 55440
Dr. P. M. Henry
Department of Chemistry
University of Guelph
Guelph, Ontario N1G 2W1
Dr. Joseph J. Hickey
University of Wisconsin
Department of Wildlife Ecology
1630 Linden Drive
Madison, Wisconsin 53706
Mr. J. R. Hickman, Director
Bureau of Chemical Hazards
En
vi
ro
nm
en
ta
l
He
al
th
Ce
nt
re
Tunney's Pasture
Ottawa, Ontario K1A 0L2
Dr
.
Ke
nn
et
h
D.
F.
Ho
ka
ns
on
,
Ch
ie
f
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
Mo
nt
ic
el
lo
Fi
el
d
St
at
io
n
P.
O.
Bo
x
50
0
—
Mo
nt
ic
el
lo
,
M
N
55
36
2
Mr. J. Z. Holland
N
O
A
A
/
E
D
S
/
C
e
n
t
e
r
f
o
r
E
x
p
e
r
i
m
e
n
t
D
e
s
i
g
n
and Data Analysis
R
m
.
2
9
0
,
3
3
0
0
W
h
i
t
e
h
a
v
e
n
S
t
.
N
.
W
.
W
a
s
h
i
n
g
t
o
n
,
D.
C.
2
0
2
3
5
111
 
Mr. R. F. Holt
U. S. Dept. of Agriculture
Agriculture ResearchStation
Morris, Minnesota 52267
Mr. Joseph Chi Kan Huang
Great Lakes Environmental Research
Laboratory, NOAA
U. S. Department of Commerce
2300 Washtenaw Avenue
Ann Arbor, Michigan 48104
Mr. Jerry C. Huston,
Ohio Environmental Protection
Agency
1035 Devlac Grove Drive
Bowling Green, Ohio 43402
Prof. R. L. Irvine
Dept. of Civil Engineering
University of Notre Dame
Notre Dame, Indiana 46556
Dr. M. G. Johnson
Department of the Environment
Fisheries & Marine Service
Canada Centre for Inland Waters
867 Lakeshore Road,
P. 0. Box 5050
Burlington, Ontario L7R 4A6
Dr. J. W. Ketcheson
Land Resource Science
University of Guelph
Guelph, Ontario NlG 2W1
Dr. R. Kosan
Institute for Environmental Studies
Haultain Building
University of Toronto
Toronto, Ontario MSS 1A8
Dr. G. Fred Lee
Center for Environmental Studies
University of Texas at Dallas
Richardson, Texas 75080
Dr. Kwei Lin
Great Lakes Research Division
University of Michigan
Ann Arbor, Michigan 48105
(Cont'd)
  
Dr. A. MacLean
Agriculture Canada
Soil Research Institute
Central Experimental Farm
Ottawa, Ontario KIA 0C6
Dr. Harold W. Manner
Biology Department
Loyola University of Chicago
6525 North Sheridan Road
Chicago, Illinois 60626
Mr. A. J. McGinnis, Director
Research Station
P. O. Box 185
Vineland Station, Ontario LOR 2E0
Mr. J. McGuire
Minnesota Pollution Control Agency
1935 W. County Road B—2
Roseville, Minnesota 55113
Dr. Harlan L. McKim
U. S. Army Cold Regions Research
and Engineering Laboratory
P. O. Box 282
Hanover, NH 03755
Mr. L. R. Moriarty
U. S. EPA, Region II
P. O. Box 5036
Rochester, New York 14627
Dr. Donald I. Mount
U. S. Environmental Protection Agency
6201 Congdon Blvd.
Duluth, Minnesota 55804
Mr. Tom Muir
Environment Canada
Social Sciences Division
Inland Waters Directorate
P. O. Box 5050
Burlington, Ontario L7R 4A6.
Prof. R. C. Mullin
University of Waterloo
Dept. of Combinatorics & Optimization
Waterloo, Ontario N2L 301
112
Mr. W. B. Neely
Dow Chemical Company
17
02
Bl
d.
Mi
dl
an
d,
Mi
ch
ig
an
48
64
0
Mr. J. A. Nicolson
Environment Canada
Gr
ea
t
La
ke
s
Fo
re
st
Re
se
ar
ch
Ce
nt
re
P. O. Box 490
Sa
ul
t
St
e.
Ma
ri
e,
On
ta
ri
o
P6
A
5M
7
Prof. R. T. Oglesby
c/
o
Wa
te
r
Re
se
ar
ch
Ce
nt
re
—
St
ev
en
ag
e
Stevenage, Herts.
England 861 1TH
Dr. R. Patterson
As
so
ci
at
e
Pr
of
es
so
r
of
Ge
ol
og
y
De
pa
rt
me
nt
of
Ge
ol
og
ic
al
Sc
ie
nc
es
Queen's University
Kingston, Ontario K7L 3N6
Dr. D. B. Peakall
Canadian Wildlife Service
De
pa
rt
me
nt
of
th
e
En
vi
ro
nm
en
t
Ottawa, Ontario K1A 0H3
Prof. J. C. Randolph
Sc
ho
ol
of
Pu
bl
ic
an
d
En
vi
ro
nm
en
ta
l
Affairs
Indiana University
400 E. Seventh St.
Bloomingtqn, IN 47401
Mr. C. A. Raquet
NA
SA
Le
wi
s
Re
se
ar
ch
Ce
nt
er
MS
30
1—
1
21000 Brookpark Road
Cleveland, OH 44135
Dr. Andrew Robertson
(f
or
Sc
ie
nt
if
ic
Ba
si
s
fo
r
Wa
te
r
Qu
al
it
y
Criteria Committee)
GLERL/NOAA
2300 Washtenaw Avenue
Ann Arbor, Michigan 48104
Mr. D. L. Robinson
En
vi
ro
nm
en
t
Ca
na
da
,
So
ci
al
Sc
ie
nc
es
Div
.
Inland Waters Directorate, P. O. Box 5050
Burlington, Ontario
(Cont'd)
  
Mr. Ernest K. Rotering
Assistant Chief
Office of Wastewater Pollution Control
Ohio Environmental Protection Agency
P. O. Box 1049
Columbus, Ohio 43216
Mr. S. Safe
Department of Chemistry
University of Guelph
Guelph, Ontario NlG 2W1
Dr. M. Schnitzer
Agriculture Canada
Soil Research Institute
Central Experimental Farm
Ottawa, Ontario K1A OC6
Mr. G. O. Schwab
Ohio Agr. Res. & Dev. Centre
2073 Neil Avenue
Columbus, Ohio 43210
Mr. M. T. Shiomi
Wa
te
r
Qu
al
it
y
Br
an
ch
(O
nt
ar
io
Re
gi
on
)
CCIW, 867 Lakeshore Road
Bu
rl
in
gt
on
,
On
ta
ri
o
L7
R
4A
6
Prof. Herman Sievering
Co
ll
eg
e
of
En
vi
ro
nm
en
ta
l
Sc
ie
nc
es
Go
ve
rn
or
s'
St
at
e
Un
iv
er
si
ty
Pa
rk
Fo
re
st
50
.,
Il
l.
60
46
6
Ms. Margaret Sinclair
Environment Canada
So
ci
al
Sc
ie
nc
es
D
i
vi
s
i
o
n
I
n
l
a
n
d
W
a
t
e
r
s
D
i
r
e
c
t
o
r
a
t
e
P. O. Box.5050
Bu
rl
in
gt
on
,
O
n
t
a
r
i
o
L
7
R
4A
6
Dr
.
P
a
m
e
l
a
M.
S
t
o
k
e
s
D
e
p
t
s
.
o
f
B
o
t
a
n
y
&
Z
o
o
l
o
g
y
a
n
d
I
n
s
t
i
t
u
t
e
f
o
r
E
n
v
i
r
o
n
m
e
n
t
a
l
Studies
U
n
i
v
e
r
s
i
t
y
o
f
T
o
r
o
n
t
o
D
e
p
t
.
o
f
Z
o
o
l
o
g
y
,
R
m
.
4
1
0
St. George St.
U
n
i
v
e
r
s
i
t
y
o
f
T
o
r
o
n
t
o
T
o
r
o
n
t
o
,
O
n
t
a
r
i
o
M
5
3
1
A
8
 
113
Dr. Thomas L. Theis
Department of Civil Engineering
University of Notre Dame
Notre Dame, Indiana 46556
Mr. Nelson A. Thomas
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
Grosse Ile Laboratory
9311 Groh Road
Grosse Ile, Michigan 48138
Dr. P. Toft
Health and Welfare Canada
Health Protection Branch
Environmental Health Centre
Ottawa, Ontario K1A 0L2
Mr. G. Tsang
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
P. 0. Box 5050
Burlington, Ontario L7R 4A6
Mr. W. G. Turney
Bureau Chief
Department of Natural Resources
Stevens T. Mason Building
Lansing, Michigan 48926
Mr. N. D. Warry
Wa
te
r
Qu
al
it
y
Br
an
ch
,
(O
nt
ar
io
Re
gi
on
)
CCIW, 867 Lakeshore Road
Burlington, Ontario L7R 4A6
Mr. Michael YOung
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
Microbiology Dept.
P. O. Box 213
Rexdale, Ontario M9W 5L1
    
  
[E WIIIIKSIIIII' PMIIIIIII’AIIS
Dr
.
He
rb
er
t
E.
Al
le
n
(C
om
mi
tt
ee
Mb
r.
)
Assistant Professor
De
pt
.
of
En
vi
ro
nm
en
ta
l
En
gi
ne
er
in
g
Il
li
no
is
In
st
it
ut
e
of
Te
ch
no
lo
gy
Chicago, Illinois 60616
Mr
.
Al
an
Ap
pl
eb
y
(G
r.
Ch
ai
rm
an
XI
)
En
vi
ro
nm
en
ta
l
As
se
ss
me
nt
Se
ct
io
n
En
vi
ro
nm
en
ta
l
Ap
pr
ov
al
s
Br
an
ch
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
13
5
St
.
Cl
ai
r
Av
en
ue
We
st
,
10
th
Fl
oo
r
Toronto, Ontario M4V 1P5
Dr
.
Co
li
n
An
de
rs
on
(G
r.
XI
II
)
School of Medicine
Un
iv
er
si
ty
of
We
st
er
n
On
ta
ri
o
De
nt
al
Sc
ie
nc
es
Bu
il
di
ng
Lo
nd
on
,
O
n
t
a
r
i
o
N
6
A
8K
7
Mr. J. Arbour
Lands Directorate
E
n
vi
r
o
n
m
e
n
t
a
l
M
a
n
a
g
e
m
e
n
t
Se
rv
ic
e
O
n
t
a
r
i
o
R
e
g
i
o
n
,
C
C
I
W
P. O. Box 5050
B
u
r
l
i
n
g
t
o
n
,
O
n
t
a
r
i
o
L
7
R
4
a
6
P
r
o
f
.
D
a
v
i
d
E.
A
r
m
s
t
r
o
n
g
(G
r.
II
)
W
a
t
e
r
C
h
e
m
i
s
t
r
y
P
r
o
g
r
a
m
U
n
i
v
e
r
s
i
t
y
o
f
W
i
s
c
o
n
s
i
n
M
a
d
i
s
o
n
,
W
i
s
c
o
n
s
i
n
5
3
7
0
6
P
r
o
f
.
J
o
h
n
A
r
m
s
t
r
o
n
g
(G
r.
C
h
a
i
r
m
a
n
X)
D
i
r
e
c
t
o
r
,
C
o
a
s
t
a
l
Z
o
n
e
L
a
b
o
r
a
t
o
r
y
U
n
i
v
e
r
s
i
t
y
o
f
M
i
c
h
i
g
a
n
1
1
0
1
N
.
U
n
i
v
e
r
s
i
t
y
B
u
i
l
d
i
n
g
A
n
n
A
r
b
o
r
,
M
i
c
h
i
g
a
n
4
8
1
0
9
D
r
.
E
u
g
e
n
e
J
.
A
u
b
e
r
t
(
C
h
a
i
r
m
a
n
)
Director
G
r
e
a
t
L
a
k
e
s
E
n
v
i
r
o
n
m
e
n
t
a
l
R
e
s
.
L
a
b
.
NOAA
2
3
0
0
W
a
s
h
t
e
n
a
w
A
v
e
n
u
e
A
n
n
A
r
b
o
r
,
M
i
c
h
i
g
a
n
4
8
1
0
4
Mr. A. R. Balden (RAB Member)
19 Alina Lane
Ho
t
Sp
ri
ng
s
Vi
ll
ag
e,
Ar
ka
ns
as
71
90
1
Ms. Mimi Becker (Gr. IX)
Le
ag
ue
of
Wo
me
n
Vo
te
rs
of
Oh
io
P. 0. Box 735
Hiram, Ohio 44234
Dr
.
Ge
or
ge
C.
Be
ck
in
g
(G
r.
II
I)
Chief
En
vi
ro
nm
en
ta
l
To
xi
co
lo
gy
Di
vi
si
on
Bu
re
au
of
He
al
th
Ha
za
rd
s
Health & Welfare Branch
Ot
ta
wa
,
On
ta
ri
o
KI
A
0L
2
Dr
.
Al
fr
ed
M.
Be
et
on
(G
r.
Ch
ai
rm
an
I)
Associate Director
Ce
nt
re
fo
r
Gr
ea
t
La
ke
s
St
ud
ie
s
Th
e
Un
iv
er
si
ty
of
Wi
sc
on
si
n-
Mi
lw
au
ke
e
Mi
lw
au
ke
e,
Wi
sc
on
si
n
53
20
1
Dr
.
An
dr
ew
Be
ne
de
k
(G
r.
VI
I)
De
pt
.
of
Ch
em
ic
al
En
gi
ne
er
in
g
McMaster University
Ha
mi
lt
on
,
O
n
t
a
r
i
o
L8
5
4K
1
Dr
.
Vi
ct
or
J.
Bi
er
ma
n
(G
r.
V)
U
.
S
.
E
P
A
L
a
b
o
r
a
t
o
r
y
9311 Groh Road
Gr
os
se
Il
e,
Mi
ch
ig
an
48
13
8
Dr
.
St
ev
en
A.
Bl
ac
k
(G
r.
VI
)
Wa
st
ew
at
er
Tr
ea
tm
en
t
Se
ct
io
n
Po
ll
ut
io
n
Co
nt
ro
l
Pl
an
ni
ng
Br
an
ch
On
t.
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
13
5
St
.
Cl
ai
r
Av
en
ue
We
st
To
ro
nt
o,
On
ta
ri
o
M4
V
1P
5
Dr
.
Pa
tr
ic
ia
Br
ad
en
(G
r.
XI
)
Gr
ad
ua
te
Sc
ho
ol
of
Bu
si
ne
ss
Ad
mi
n.
Un
iv
er
si
ty
of
Mi
ch
ig
an
An
n
Ar
bo
r,
Mi
ch
ig
an
48
10
9
 
 e
y
-
‘
m
“
‘
2
3
.
u
g
a
-
1
1
7
,
"
_
.
I
.
—
.
T
)
‘
_
"
:
"
:
"
"
‘
=
!
‘
r
.
f
‘
u
g
h
.
.
.
.
.
~
m
a
y
.
a
:
r
.
.
;
.
.
1
.
.
.
a
m
.
“
“
a
s
;
 
Mr. Robert Brander (Gr. XI)
Director
Sigurd Olson Institute of
Environmental Studies
Northland College
Ashland, Wisconsin 54806
Mr. Francis Brezenski (Gr. IV)
Chief, Technical Support Staff
U.S. Environmental Protection Agency
Building 209, Woodbridge Avenue
Edison, New Jersey 08817
Dr. William A. Brungs (Gr. III)
Environmental Research Laboratory
6201 Congdon Blvd.
Duluth, Minnesota 55804
Prof. R. Canale (Gr. I)
College of Engineering
University of Michigan
Ann Arbor, Michigan 48109
Mr. W. J. Christie (Gr. I)
Director, Fisheries Research Station
Ontario Ministry of Natural Resources
R. R. #4
Picton, Ontario KOK 2T0
Dr. John Convery (Gr. VII)
Director
Advanced Waste Treatment Research Lab
Environmental Protection Agency
Cincinnati, Ohio 45268
Mr. Leonard T. Crook (Gr. Chairman XII)
Executive Director
Great Lakes Basin Commission
P. 0. Box 999
Ann Arbor, Michigan 48106
Mr. Henry L. DeGraff (Gr. XII)
Assistant Chief
Regional Economic Anal. Division
U.S. Dept. of Commerce, Room 309
1401 K Street, N.W.
Washington, D.C. 20230
Mr. Paul L. Diosady (Gr. II)
Supervisor, Chemistry 11 Section
Laboratories Branch
Ont. Ministry of the Environment
P. 0. Box 213
Rexdale, Ontario M9W 5L1
116
Mr. B. J. Dutka (Gr. Chairman IV)
Head, Microbiological Lab., CCIW
P. O. Box 5050
Burlington, Ontario L7R 4A6
Prof. Leonard B. Dworsky (RAB Member)
Civil & Environmental Engineering
Cornell University
302 Hollister Hall
Ithaca, New York 14850
Dr. David N. Edgington (Gr. III)
Ecological Sciences Section
Radiological & Environmental Res. Div.
Argonne National Laboratory
9700 S. Cass Avenue
Argonne, Illinois 60439
Mr. Carlos M. Fetterolf, Jr. (RAB Mbr.)
Executive Secretary
Great Lakes Fishery Commission
1451 Green Road
Ann Arbor, Michigan 48107
Mr. Paul D. Foley (Gr. VIII)
Development & Research Group
Pollution Control Branch
Ont. Ministry of the Environment
P. O. Box 213
Rexdale, Ontario N9W 5L1
Prof. Paul Friesema (Gr. X)
Center for Urban Affairs
Northwestern University
2040 Sheridan Road
Evanston, Illinois 60201
Dr. G. W. Fuhs, Director (Gr. XIII)
Lab. & Research
Environmental Health Center
N.Y. State Department of Health
New Scotland Avenue
Albany, New York 12201
Dr. Douglas Hallett (Gr. II)
Canadian Wildlife Service
Environment Canada
6 Beechwood Avenue
Vanier, Ontario K1L 8B4
Dr. Rolf Hartung (Gr. VIII)
School of Public Health I
University of Michigan
Ann Arbor, Michigan 48109
 
  
Dr. Peter V. Hodson (Gr III)
Canada Centre for Inland Waters
Environment Canada
Burlington, Ontario L7R 4A6
Dr. Stephen R. Kerr (Gr. V)
Ministry of Natural ReSOurces
P. O. Box 50
Maple, Ontario LOJ 1E0
Dr. G. Fred Lee (Gr. Chairman VIII)
Institute for Environmental Sciences
University of Texas at Dallas
P. O. Box 688
Richardson, Texas 75080
Prof. Richard Lichty (Gr. X)
Department of Economics
University of Minnesota
Duluth, Minnesota 55812
Dr. M. S. Mahdy (Gr. IV)
Consultant, Microbiological Labs.
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
P.O. Box 5050
Burlington, Ontario L7R 4A6
Prof. Paul D. Marr (Gr. XI)
25 Brightonwood Road
Gl
en
mo
un
t,
Ne
w
Yo
rk
12
07
7
Pr
of
.
Do
na
ld
C.
Mc
Na
ug
ht
(G
r.
V)
Biology Department
St
at
e
Un
iv
er
si
ty
of
Ne
w
Yo
rk
1400 Washington Avenue
Al
ba
ny
,
N
e
w
Y
o
r
k
12
22
2
Dr
.
C.
H.
M
o
r
t
i
m
e
r
(G
r.
C
h
a
i
r
m
a
n
V)
Director
C
e
n
t
e
r
f
o
r
G
r
e
a
t
L
a
k
e
s
S
t
u
d
i
e
s
U
n
i
v
e
r
s
i
t
y
o
f
W
i
s
c
o
n
s
i
n
M
i
l
w
a
u
k
e
e
,
W
i
s
c
o
n
s
i
n
5
3
2
0
1
M
r
.
J
o
h
n
H
.
N
e
i
l
(
G
r
.
V
I
I
I
)
Limnos Limited
22 Roe Avenue
T
o
r
o
n
t
o
,
O
n
t
a
r
i
o
M
S
M
2
H
7
M
r
.
G
o
r
d
o
n
E
.
O
l
i
v
i
e
r
(
G
r
.
X
I
I
I
)
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
P
u
b
l
i
c
H
e
a
l
t
h
3
5
0
0
N
.
L
o
g
a
n
S
t
r
e
e
t
L
a
n
s
i
n
g
,
M
i
c
h
i
g
a
n
4
8
9
1
4
117
Prof. James W. Patterson (Gr. VI)
De
pt
.
of
En
vi
ro
nm
en
ta
l
En
gi
ne
er
in
g
Illinois Institute of Technology
Chicago, Illinois 60616
Pr
of
.
No
rm
an
Pe
ar
so
n
(G
r.
Ch
ai
rm
an
IX
)
P. O. Box 4362
Postal Station C
London, Ontario NSW 5J6
Mr. Walter Pomeroy (Gr. X)
Sigurd Olson Institute of
Environmental Studies
Northland College
Ashland, Wisconsin 54806
Mr
.
St
u
W.
Re
ed
er
(G
r.
Ch
ai
rm
an
II
I)
Coordinator
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
&
St
an
da
rd
s
Inland Waters Directorate
Dept. of the Environment
Place Vincent Massey
Ottawa, Ontario KIA 0E7
Dr
.
Ke
n
J.
Ro
be
rt
s
(G
r.
VI
)
Water Treatment Section
On
t.
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
Po
ll
ut
io
n
Co
nt
ro
l
Pl
an
ni
ng
Br
an
ch
13
5
St
.
Cl
ai
r
Av
en
ue
We
st
Toronto, Ontario M4V 1P5
Dr
.
A
n
d
r
e
w
R
o
b
e
r
t
s
o
n
(G
r.
C
h
a
i
r
m
a
n
II
)
Great Lakes Environmental
Research Laboratory
National Oceanographic and
At
mo
sp
he
ri
c
Ad
mi
ni
st
ra
ti
on
2300 Washtenaw Avenue
An
n
Ar
bo
r,
Mi
ch
ig
an
48
10
4
Mr
.
J.
D.
R
o
s
e
b
o
r
o
ug
h
(C
om
mi
tt
ee
Mb
r.
)
Director
Fi
sh
&
Wi
ld
li
fe
Re
se
ar
ch
Br
an
ch
On
t.
M
i
n
i
s
t
r
y
of
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
P.O. Box 50
Maple, Ontario LOJ 1E0
Mr. R. A. Ryder (Gr. 1)
Scientist-in-Charge
Fi
sh
&
Wi
ld
li
fe
Re
se
ar
ch
Br
an
ch
On
t.
M
i
n
i
s
t
r
y
of
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
P.
O.
Bo
x
89
,
Po
st
al
St
at
io
n
P
Th
un
de
r
Ba
y,
On
ta
ri
o
P7
B
5E
7
 Dr. D.
Schindler (Gr. V)
Freshwater Institute
Environment Canada
501 University Crescent
Winnipeg, Manitoba R3T 2N6
Dr. N. W. Schmidtke (Gr. Chairman VI)
Head, Process Development Section
Wastewater Technology Centre
Environment Canada, CCIW
P.O. Box 5050
Burlington, Ontario L7R 4A6
Dr. Stanford H. Smith (Gr. I)
National Marine Fisheries Service, NOAA
U.S. Dept. of Commerce
P.O. Box 648
Ann Arbor, Michigan 48107
Prof. Vern Snoeyink (Gr. VI)
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Dept. of Microbiology & Immunology
Faculty of Medicine
University of Ottawa
Ottawa, Ontario K1N 6N5
Dr. Wayne A. Willford (Gr. II)
Research Chemist
Gr. Lakes Fishery Laboratory
U.S. Fish & Wildlife Service
P.O. Box 640
Ann Arbor, Michigan 48107
Prof. Thomas D. Wright (Gr. VIII)
Aquatic Research Group
Dept. of Biological Sciences
Michigan Technological University
Houghton, Michigan 49931
  
  
BU WIIIIKEIIIIP AHHIIM
Monday, March 1, 1976
9:00 — 11:00 A.M.
11:00 — 1:00 P.M.
12:00 - Noon
1:00 P.M.
1:30 P.M.
6:30 P.M.
8:00 P.M.
Training Session for Group Chairmen
Registration
Buffet Lunch
Plenary Session Begins
- Introduction
~ Perspectives
— Product, Guidance, and Logistics
— Questions and Discussion
Group Meetings begin to identify Great Lakes
water quality issues and research needs within
these issues, and to document issues and
research needs
Dinner
— Discussion of Progress
Groups Reconvene
Tuesday, March 2, 1976
8:30 A.M.
8:30 A.M.
12:00 Noon
1:15 P.M.
6:00 P.M.
7:00 P.M.
8:30 P.M.
10:00 P.M. -
12:00 Midnight
Groups Reconvene
Research Needs Committee begins review and
coordination of issues and research needs
documentation, visit Groups to determine status
Buffet Lunch
— Chair announces status
Groups Reconvene
Social Hour
Dinner
Groups Reconvene to complete documentation
Group Chairmen submit research needs documents
to Chair
119
(Trianon-C Room)
(Lobby)
(Trianon—C Room)
(Trianon—C Room)
(Chairman's Rooms)
(Trianon-C Room)
(Chairman's Rooms)
(Trianon-C Room)
(Chairmen's Rooms)
(Cabinet Room)
(Trianon-C Room)
(Trianon-C Room)
(Continued)
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Wednesday, March 3, 1976
 
7:30 - 8:30 A.M.
8:30 A.M.
9:00 - 10:30 A.M.
10:30 A.M.
12:00 Noon
12:00 Noon
Buffet Breakfast
Plenary Session
— Prioritization Procedure
— Guidance and Handout
- Questions and Discussion
Participants rank all Issues within category
(i.e. Ecology; Technology; Economic, Social,
Political and Institutional) n (13 Group Rooms)
Panel Session for Prioritization
— Poll, Discuss and Tune Rank Dispersion
o Ecological Issues
0 Technological Issues
a Social, Economic and Political Issues
Participants submit ranks on all Issues within
categories
Adjourn
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(Trianon—C Room)
(Trianon—C Room)
(Chairman's Rooms)
(Trianon—C Room)
(Room 322)
(Room 222)
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TECHNOLOGZ_PANEL
Dr. H. E. Allen (Panel Chairman —
RAB Member)
Mr. S. A. Black (Gr. VI)
Dr. J. Convery (Gr. VII)
Mr. P. D. Foley (Gr. VIII)
Dr. R. Hartung (Gr. VIII)
Prof. G. Fred Lee (Chairman, Gr. VIII)
Mr. J. H. Neil (Gr. VIII)
Prof. J. W. Patterson (Gr. VI)
Dr. K. J. Roberts (Gr. VI)
Dr. N. W. Schmidtke (Chairman, Gr. VI)
Mr. T. J. Tofflemire (Gr. VII)
Mrs. A. Vajdic (Gr. VII)
Prof. J. Weber, Jr. (Chairman, Gr. VII)
Prof. T. D. Wright (Gr. VIII)
ECOLOGICAL PANEL
Dr. E. J. Aubert (Panel Chairman -
RAB Member)
Dr. C. Anderson (Gr. XIII)
Prof. D. E. Armstrong (Chairman, Gr. X)
Dr. A. M. Beeton (Chairman, Gr. I)
Dr. V. J. Bierman (Gr. V)
Mr. F. T. Brezenski (Gr. IV)
Dr. W. A. Brungs (Gr. III)
Mr. W. J. Christie (Gr. I)
Mr. B. J. Dutka (Chairman, Gr. IV)
Dr. D. N. Edgington (Gr. III)
Dr. G. W. Fuhs (Gr. XIII)
Dr. D. Hallet (Gr. II)
Dr. P. V. Hodson (Gr. III)
Dr. S. R. Kerr (Gr. V)
Dr. M. S. Mahdy (Gr. IV)
Prof. D. C. McNaught (Gr. V)
Dr. C. H. Mortimer (Chairman, Gr. V)
Mr. G. E. Olivier (Gr. XIII)
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SOCIAL, ECONOMIC AND POLITICAL PANEL
Mr. J. D. Roseborough (Panel Chairman -
RAB Member)
Mr. A. Appleby (Chairman, Gr. XI)
Mr. J. Arbour (Gr. IX)
Ms. M. Becker (Gr. IX)
Dr. Patricia Borden (Gr. XI)
Mr. R. Brander (Gr. XI)
Mr. L. T. Crook (Chairman, Gr. XII)
Prof. R. Lichty (Gr. X)
Prof. P. D. Marr (Gr. XI)
Prof. N. Pearson (Chairman, Gr. IX)
Mr. W. Pomeroy (Gr. X)
Mrs. Evelyn Stebbins (RAB Member)
Prof. R. Stewart (Gr. IX)
Mr. J. Swaigen (Gr. XII)
Dr. J. Vallentyne (RAB Member)
Ms. Dana Vindasius (Gr. XII)
Dr. A. E. P. Watson (IJC Secretariat)
